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FOREWORD 


TMs  :’lnal  report  prepared  by  Battelia  Memorial  institute.  Columbus,  Ohio,  covers  accomplish- 
ments and  research  on  Air  Force  Contract  AF  33(038)-1223  'tnder  RDO  No.  112-140  titled,  'Evaluating 
and  Berating  of  Electronic  Components.*  Work  at  Battslie  Memorial  Institute  was  started  on  December  28. 
1948,  and  this  report  covers  the  work  through  March  30,  1054.  The  project  was  administered  under  the 
direction  of  Mr,  D.  C.  Beawell  and  Mr.  V.  8.  Kozloff,  for  the  Electronic  Components  Laboratory,  Directo- 
rate of  Research,  Wright  Air  Development  Center. 


The  following  members  of  Battalia  Memorial  Institute  contributed  to  the  research:  H.  J.  Eehm, 
R.  A.  Corby,  R.  L.  Davis.  L.  R.  Jackson,  A.  T.  Maierson,  R.  C.  McMaster,  H.  E.  Pattec,  and  H.  B. 
Thompson.  Staff  members  who  supervised  the  work  directly  as  project  engineers  were:  R.  L.  Davis, 


A T. 


as  Assistant  Supervisors  and  R.  C.  McMaster  aa  Supervisor. 
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ABSTRACT 


This  report  is  a summary  of  the  research  work  which  has  produced 
the  design  of  a system  to  collect,  store  in  condensed  form,  search  rapidly 
by  machine,  and  disseminate  comprehensive  engineering  data  on  electronic 
components. 

The  report  describes  the  elements  cf  a machine -sorted  punched-card 
system  for  recording,  searching,  and  tabulating  data  on  any  electronic  com- 
ponent, It  presents  detailed  data  s'neets,  definitions,  codes,  and  iusti  ac- 
tions for  processing  input  data  on  a typical  component  group  (capacitors). 
Fifteen  special  reports  present  similar  detailed  JECIC  designs  for  fifteen 
component  groups.  A resume  is  presented  of  trie  work  done  toward  the 
development  of  life-rating  test  methods  and  of  that  on  automatic  component- 
testing equipment. 

Also  presented  are  discussions  and  studies  on  (1)  the  data-coUecting 
problem,  (Z)  suggested  organization  and  personnel  requirements,  end 
(3)  cost  estimates  for  building  up  and  operating  an  ECIC . Three  general 
plans  for  implementing  the  system  are  discussed. 


PUBLICATION  REVIEW 


The  publication  of  this  report  does  not  constitute  approval 
by  the  Air  Force  of  the  findings  or  the  conclusions  contained  therein. 
lit  is  published  only  for  the  exchange  and  stimulation  of  ideas. 
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INTRODUCTION 


Five  years  of  research  and  development,  representing  forty  man- 
years  of  effort,  have  resulted  in  a system  believed  to  be  capable,  upon 
implementation,  of  appreciably  reducing  tire  engineering  time  and  the  cost 
of  selecting  proper  components  for  electronic  equipment- 
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the  name  given  to  the  type  of  organization  that  has  been  designed  and  could 
be  implemented  to  operate  such  a system. 


The  pictures  on  the  following  page  illustrate  briefly  ttl€  1 * Wu5  t",  "why", 
and  "how"  of  the  system.  They  show  how  an  ECIC  might  function  to  provide 
valuable  service  to  electronic  equipment  designers.  They  should  not  be  con- 
strued as  picturing  an  information  center  already  in  operation.  In  this  hypo- 
thetical case,  an  electronic -equipment  designer  in  an  aircraft-manufacturing 
plant  is  shown  reporting  progress  on  a new  design  to  his  chief  engineer.  His 
design  is  at  a stage  where  the  designer  must  know  whether  the  parts  he  needs 
are  available,  and,  if  so.  who  makes  them.  Also,  if  certain  requirements 
of  some  Items  cannot  be  met  by  existing  components,  the  designer  wants  to 
know  what  products  of  those  available  come  closest  to  meeting  these  require- 
ments. The  job  of  answering  these  questions  is  turned  over  to  the  ECfC 
(which  is  in  hypothetical  full-scale  operation).  By  searching  all  the  appli- 
cable data  for  each  component,  as  punched  on  IBM  cards,  the  ECIC  supplies 
the  answers  in  a short  time,  releasing  the  designer,  meanwhile,  to  other 
productive  effort.  This  the  ECIC  does  by: 


(l)  Analyzing  the  inquiry  and  establishing  the  search  routine. 

(Z)  Selecting  tb *»  appropriate  card  file, 

(3)  Searching  each  selected  card  deck,  with  either  an  electronic 
statistical  machine  or  a collator,  at  a minimum  rata  of  450 
cards  per  minute.  This  operation  automatically  separates 
the  desired  cards  from  the  others. 

(4)  Tabulating  the  data  from  the  separated  cards  automatically 
on  a o aidaiypc  machine  or  on  a standard  ittbuistw . 

(5)  Verifying  the  correctness  of  the  tabulated  answers. 

(6)  Communicating  the  answers  to  the  inquirer. 


The  details  of  thi  system  as  designed,  and  of  the  related  research  wctkr 
r rt  presented  in  ;his  report.  Farl*  of  the-  work  that  were  described  ir. 
earlier  reports  are  covered  here  only  by  reference. 
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The  Problem  of  Selecting  Reliable  Electronic  Components 


Electronics  in  Modern  Weapon?  and  Machines 

The  electronic-equipment  industry  in  the  United  States  is  a vital  part 
of  our  industrial  and  military  strength.  Modern  design,  both  of  weapons 
and  machines,  has  made  electronics  indispensable.  This  is  evident  from 
the  amount  of  money  spent  for  electronic  equipment.  In  1952,  the  total 
investment  in  such  equipment  was  six  billion  dollars,  two-thirds  of  which 
bought  military  equipment,*  The  growth  of  the  electronics  industry  has 
been  phenomenally  rapid,  and  the  indications  are  that  its  expansion  win 

— ^ a m — ■ a • M 
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Modern  military  aircraft,  for  instance,  would  be  practically  inoper- 
able without  electronic  equipment.  The  heavy  bomber  uses  over  2000  elec- 
tron tubes  and  many  more  thousands  of  other  electronic  components.  Its 
electronic  equipment  represents  a large  portion  of  the  total  production  cost 
of  the  plane  — in  both  man-hours  and  money.  Other  major  weapons  and 
industrial  machines  are  approaching  a similar  degree  of  dependence  upon 
electronic  equipment  for  their  production  and  performance. 


Importance  of  Efficient  Component  Selection 

The  time  and  money  required  for  the  development  of  improved  models 
of  modern  machines  and  weapons  are  affected  greatly  by  the  ixpense  and 
time  involved  in  developing  their  vital  electronic  systems.  These  systems, 
for  instrumentation,  communication,  guidance,  and  control,  largely  deter- 
mine the  equipment’s  over-aii  design  and  perfo.  inance  limitations.  The 
proper  selection  of  the  most  reliable  and  effective  C Om  yen  ents  is  a critical 
step  — often  the  most  costly  and  difficult  step  =-  in  the  development  of  these 
electronic  systems. 


At  present,  the  design  engineer  searches  his  experience  and  the  cata- 
logues he  has  at  hand  — laboriously  and  tediously  — for  the  components  his 
design  requires.  For  parts  demanding  special  requirements,  he  may  spend 

weeks  in  the  search.  For  many  of  the  data,  he  Drobablv  will  have  to  write  to 

/ » / ' 

manufacturers,  because  the  catalogue  information  is  inadequate.  On  some 
components,  stiii  more  information  is  needed,  so  the  engineer  must  request 
that  a special  test  prog!  am  be  set  up  to  determine  the  unknown  performance 
cha  racteristics.  This  search  for  information,  much  of  which  already  exists, 
consumes  an  important  part  of  a design  engineer’s  time. 


*Telr-Tech,  page  47  (January , 1953). 
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Under  conditions  of  scarce  technical  manpower,  this  inefficient  use 
of  an  engineer' s nine  is  a serious  problem.  Under  the  pressure  of  im- 
pending deadline;  , the  designer  may  he  forced  tn  specify  electronic  com- 
ponents whose  performance  he  can  only  guess.  When  proper  components 
cannot  be  selected  promptly,  entire  development  programs  may  be  delayed 
or  may  require  costly  reworking.  This  greatly  increases  the  expense,  and 
delays  the  delivery  of  satisfactory  models. 


jv  xx  o Gst-Ss  of  Bio  c t r onic  - E quip  me  nt 


When  equipment  having  poorly  selected  components  appears  in  full- 
scale  production,  its  effective  functioning  is  often  prevented  by  premature 
component  failures.  Sometimes  these  component  failures  cause  complete 
operational  failure  of  large  equipments.  This  results  in  the  loss  of  large 
investments  in  terms  of  both  time  and  money  — sometimes  of  lives,  as  well. 
The  problem  is  particularly  important  when  electronic  components  are  re- 
quired to  operate  under  heavy  loading  in  severe,  abnormal  ambient  condi- 
tions. 


Recently,  a comprehensive  study  was  made  of  the  case  histories  of 
some  1100  electronic  components  that  had  failed  in  service  in  Army,  Navy, 
or  Air  Force  equipment.*  Basic  causes  of  failure  were  analyzed  and  re- 
ported statistically.  Ninety-three  per  cent  of  the  failures  were  classed  as 
premature  — that  is,  they  occurred  before  the  expected  end  of  the  service 
life  of  the  component.  Forty-three  per  cent  were  attributed  to  faulty  or  in- 
adequate engineering. 

Mr.  P-.  M.  C.  Greenidge  of  the  Bell  Telephone  Laboratories,  author 
of  a recent  paper  entitled,  "The  Case  of  Reliability  Versus  Defective  Com- 
ponents et  al.",  in  discussing  the  above-mentioned  study,  says: 


"The  lesson  from  all  of  this  is  not  new:  More  detailed  knowl- 

edge of  all  the  conditions  to  which  components  and  equipments 
will  be  subjected  is  needed  to  permit  reliable  designing.  We 
nci*d  to  know  the  true  capabilities  of  the  components  we  have 
so  that  they  are  not  misapplied,  and,  where  necessary,  we  need 
provide  more  suitable  components.  W e rmed  to  conduct  field 
trials  to  prove  in  engineering  judgments,  or  to  correct  mistakes 
before  quantity  production  begins.  We  need  to  write  better 
specifications  and  enforce  them  in  order  to  pet  reliable  perform- 
ance. If  equipments  so  designed,  pre-tried.  and  manufactured, 
are  properly  installed  and  operated,  the  reliability  problem  will 
be  essentially  solved." 


•See  paper  entitled  “The  rTogram  on  Reliability  of  Electronic  Equipment” , by  Lewi*  M.  Clemen;,  Chairman, 
Advisory  Group  on  Reliability  of  Electronic  Equipment,  Committee  an  Electronic*,  Office  of  the  Secretary  of 
Efcefense  (October,  1953).  Thi.  paper  contain*  a re*ume  of  a Bell  Telephone  Laboratory  ituoy  ipontcred  by  the 
United  States  Navy,  Bureau  of  Snips. 


WADC  TR  54-151 


6 


I 


Through  rinn1:ratp  TtF,t'"n 

The  total  cost  to  the  nation  of  the  present  difficult  and  time-consuming 
methods  of  selecting  electronic  components  is  immense,  and  much  of  this 
expense  is  unnecessary.  Designers  today  are  largely  dependent  on  manu- 
facturer's data  and  the  results  cf  specification  tests  for  component  informa- 
tion. I'i either  of  these  sources  normally  includes  data  on  performance  under 
abnormal  loading  or  environmental  conditions.  Consequently,  the  individual 
manufacturer  of  electronic  equipment  is  often  forced  to  test  many  compo- 
r* ~ nt £ o v r **** d s \ *1  ^ r 3 of  epor coo tiitiOuS  to  dctc r HjIuc  tuC ir  suitability • 
Other  firms  then  repeat  the  same  test  procedures  on  similar  components 
because  no  practical  means  exists  for  transmitting  such  data  from  one  user 
to  another.  It  is  estimated  that  10  man-hours  are  required  to  test  the  aver- 
age single  component,  and  scores  of  identical  components  may  have  to  be 
tested  to  provide  valid  data  £cr  each  test  condition.  The  cost  cf  such  tests, 
often  unnecessarily  duplicated,  may  be  » aignifica.nt  portion  of  the  total 
equipment -development  cost.  For  military  preparedness,  the  time  involved 
is  of  even  greater  importance  than  the  expense. 


The  ECIC  Solution 


The  Research  Program 

To  provide  a practical  means  of  speeding  up  and  improving  the  quality 
cf  electronic -component  selection  in  equipment  design,  the  United  Slates 
Air  Force  has  sponsored  a research  project  to  develop  a mechanized  sys- 
tem for  storing  and  searching  engineering  data.  The  resulting  system  is 
the  product  of  a five-year  research  program  at  Battelie  Memorial  Institute, 
sponsored  by  the  Electronic  Components  Laboratory  of  the  Wright  Air 
Development  Center  in  the  Air  Research  and  Development  Command. 


The  ECIC  System  — Technical  Design 


General.  The  ECIC  system  has  been  designed  to  handle  electronic - 
component  data  efficiently  from  souice  to  user.  Its  over-all  program  en- 
tails the  gathering,  evaluating,  storing,  searching,  and  disseminating  of 
available  technical  information  on  the  engineering  characteristics  of  elec- 
tronic components  for  use  under  both  normal  and  snecial  onrratino  rnndi- 

- » i " O 

tions.  The  significance  of  each  item  of  component  data  has  been  defined. 
Appropriate  methods  of  testing,  compatible  with  military  specifications  and 
accepted  industrial  practice,  have  been  designated  and  described.  Efficient 
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procedures  have  been  developed  for  reporting  test  results  and  xrirrrufa«.- 
turer  ?'•  data.  TV>«»  fsspnr?  of  these  procedures  is  contained  in  the  detailed 
work  sheets  that  have  been  designed  to  facilitate  the  introduction  of  data 
into  the  ECIC  system.* 

Methods  of  coding  and  organizing  component  data  have  been  developed 
to  condense  information  for  storage  on  punched  cards  in  minimum  space. 
Practical  mac  hint- searching  techniques  have  beer,  proven  capable  of  (1)  rap- 
idly selecting  the  desired  information  from  these  cards  and  (2)  reproducing 
it  fur  transmittal  to  the  inquirer  on  a "same  day"  basis.  These  data  may  be 
tabulated,  or  transmitted  by  teletypewriter  directly  from  machine  operations. 
This  eliminates  manual  transcription,  with  its  attendant  high  cost  and  chance 
of  error. 


The  system  details  for  the  following  fifteen  component  groups  have 
been  completed: 


Resistors 

Relays 

Motors 

Dynamotors 

Capacitors 


Crystals 
Vibrator  s 
Inductors 
Batteries 
Switches 


Dry-Disk  Rectifiers 
indicating  Instruments 
Fuses 

Plugs,  Sockets,  and  Connectors 
Lamps 


The  data  sheets  (basic  tool  for  organizing  input  data  for  direct  trans- 
fer to  punched  cards),  together  with  complete  codes,  definitions,  test 
methods,  and  instructions,  have  been  presented  in  detail  in  fifteen  special 
ECIC  reports,  one  for  each  of  the  components  listed  Eibove.  Detailed  work 
sheets  on  capacitors  are  shown,  for  example,  starting  on  page  46. 


Upon  insertion  of  available  data,  requiring  many  additional  man- 
years  of  effort,  the  ECIC  could  be  operated  to  provide  service  covering  the 
15  component  groups  listed  above.  The  same  sort  of  service  could  be  ex- 
tended to  include  electron  tubes,  transformers,  and  the  other  components 
of  electronic  systems  by  application  of  the  same  ECIC  data-handling  tech- 
niques as  were  used  on  the  designs  for  the  first  15  components.  Prelimi- 
nary data  sheets  have  been  completed  on  14  of  these  additional  components. 
These  were  presented  in  a special  letter  report  dated  November  18.  1952. 


Basic  Services.  The  ECIC  system  is  specifically  designed  to  meet 
the  needs  of  three  important  types  of  users  of  electronic-component  infor- 
mation. 


-see  me  fifteen  special  CCIC  reports  for  detailed  work  sheets  on  components. 
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(1)  The  questions  of  designers,  engineers,  and  technicians 
concerning  technical  information  would  be  answered 
from  the  Application-Data  Dard  Files.  These  cards 
would  provide  detailed  data  needed  in  th’  selection  of 
components  for  specific  applications.  The  answers 
could  list,  for  the  engineer,  all  the  known  sources  for 
each  component. 

(?.}  For  research  and  development  planning,  the  need  of 

a din  1 iii  st  rater  s and  research  directors  may  be  for  summary 
information  on  the  state  of  the  art,  for  entire  groups  of 
c omponents.  Such  answers  could  be  found  in  the  Summary- 
Data  Card  Files.  These  files  would  contain  consolidated 
technical  data  on  component  groups  (produced  by  a single 
manufacturer  and  having  identical  designs,  except  for 
primary  ratings). 

(3)  Finally,  military  procurement  agencies  and  industrial 

purchasing  agents  need  specific  procurement  information 
for  ordering  new  and  replacement  parts.  Such  data  would 
be  supplied  from  the  Procurement-Data  Card  Files.  The 
latter  contain  manufacturers*  names,  catalogue  numbers, 
type  and  part  numbers,  military  class  and  stock  numbers, 
and  approximate  cost  figures. 

The  three  types  of  card  file  mentioned  above  may  be  used  either  sepa- 
rately or  in  conjunction  with  each  other  to  answer  each  question  most 
effectively. 


Over-All  Advantages.  Operation  of  the  ECIC  would  offer  distinct 
advantages  to  designers  and  production  engineers,  to  the  military  services, 
and  to  other  users  of  electronic  equipment.  In  brief,  the  system  is  capable 
of  providing: 

(1)  A single  center  to  which  all  available  data  on  electronic 
components  could  be  sent  — hence,  a single  source  from 
which  specific  answers  provided  by  these  data  could  be 
obtained. 

(2)  An  efficient,  accurate,  and  economical  means  of  select- 
ing proper  electronic  components  for  both  normal  and 
special  applications 

(3)  A means  of  eliminating  the  need  for  much  of  the  unneces- 
sary duplicate  testing  of  similar  components 

(4)  A systematized,  positive  method  for  keeping  component 
data  up  to  date. 
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Nontecb  ical  Considerations 


Sources  of  Data.  It  is  important  to  recognize  that  the  Electronic 
Component  Information  Center,  which  this  report  describes,  is  a system 
for  Handling  data.  It  will  not,  in  itself,  create  data.  Nor  would  the  ECIC 
provide  application  engineering.  What  it  could  provide  is  a tireless,  accu- 
rate, large-capacity  storage  for  engineering  data  — design  data,  perform- 
ance data,  and  procurement  data.  It  could  recall,  by  machine  system,  at 
high  speed,  any  item  or  group  of  items  in  that  storage. 

The  input  information  must  be  obtained  from  manufacture r * 1 cata- 
logues and  test  records,  from  laboratory  and  field  tests,  from  Qualified 
Product  Acceptance  Test  Reports,  and  from  operating  experience.  The 
system  could  operate  with  full  effectiveness  only  with  the  interest,  coopera- 
tion, and  participation  of  those  who  make  electronic  components,  those  who 
test  them,  and  those  who  use  them.  The  problems  foreseen  with  respect  to 
data  collection'  are  discussed  more  fully  in  Part  II  of  this  report. 


Costs  of  Operating  the  ECIC.  The  probable  costs  of  providing  effec- 
tive service  through  full-scale  operation  of  ECIC  have  been  analyzed  and  are 
presented  in  detail  in  Part  IV  of  this  report.  The  results  of  this  study  indi- 
cate the  internal  ECIC  operational  cost,  per  question  answered,  to  be 
less  than  the  probable  cost  of  the  communication  between  the  Center  and 
the  inquirer.  It  would  be  considerably  below  the  present  cost  of  obtain- 
ing less  complete  information.  (The  cost  per  question  answered,  as  dis- 
cussed in  this  report,  does  not  include  amortization  ox  the  investment  in 
collecting  and  inserting  the  original  data  nor  the  coat  of  any  testing  program 
to  produce  new  data.  Amortization  on  a ten-year  basis  would  add  an  esti- 
mated 15  per  cent  to  the  annual  cost  figures  presented  in  the  last  column  of 
Table  4,  page  133,  for  the  first  ten  years.) 


Implementation  of  ECIC.  The  EClG  is  still  "in  the  blueprint  stage", 
with  some  of  the  "parts  list"  incomplete.  The  essentials  oi  the  design  have 
progressed  about  as  far  as  possible  without  "pilot  plant"  operation  to  elimi- 
nate the  "bugs".  Laboratory-scale  model  operation  has  uncovered  no  major 
technical  difficulties. 

Some  nontechnical  problems  that  are  recog"’***d  as  being  significant 
to  ECIC  operation  are: 

(1)  How  to  effect  complete  data  collection  in  the  most  efficient 
m a r*ncr 


U) 


How  nest  to  ensure  the  use  of  valid  data  only 
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(3)  Ho w to  eniist  full  technical  support  of  an  ECIC  operational 
p.-cgram  by  those  who  make  electronic  components*  those 
who  test  them*  and  those  who  use  them 

(4)  The  possibility  of  legal  complications*  especially  in  the 
use  of  unpublished  test  data 

(5)  Economic  considerations. 


Items  1 and  5 have  been  explored  only  in  a cursory  manner,  and 
Items  2 , 3,  and  4 not  at  all,  because  they  were  not  parr,  ox  the  research 
program's  objectives. 


As  the  situation  appears  now.  the  immediate  problem  to  be  solved  be- 
fore implementation  can  be  started  is  that  of  obtaining  sufficient  financial 
backing  (1)  to  collect  and  insert  fairly  complete  data  on  at  least  one  compo- 
nent group,  and  (2)  to  initiate  question-answering  service  at  ''pilot  plant" 
levei.  This  limited  operation,  for  perhaps  a one-year  peri'*'*,  should: 


(1)  Prove  the  capabilities  of  the  system  design 


(2)  Indicate  changes  necessary  tc>  eliminate  the  inevitable 
"bugs" 

(3)  Define  clearly  the  nontechnical  problems  to  be  solved 

(4)  Provide  information  leading  to  accurate  cost  estimates 
and  to  effective  organizational  planning,  fox  full-scale 
operation 

(5)  Determine  the  significance  of  the  five  nontechnical  prob- 
lems listed  above. 


Arrangem ent  of  This  Report 


This  final  report,  covering  the  entire  research  project,  is  arranged: 

(•'  To  introduce  the  reader  to  the  capabilities  of  an  Electronic 
Component  Information  Center  as  now  designed 

(2)  To  describe  briefly  the  various  parts  of  the  ECIC  system 
and  to  summarize  the  work  done  on  the  research  program 
(see  Part  I.  Description  of  the  System,  and  Part  IQ,  Test 
Methods  Development) 


i i 
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(3)  To  provide  a detailed  account  of  work  not  previously 
reported  (see  Part  I,  Classification  and  Coding,  and 

Pgv»t  TV.  t'^d  Co5"t‘*  of  Building  Up  Qp«  y^p h f_- 

an  ECIC) 

(4.)  To  discuss  a major  problem  yet  unexplored  (see  Part  II, 

The  Problem  of  Data  Collection) 

(5)  To  draw  pertinent  conclusions  from  the  work  dens  (see 
Part  V). 

The  description  or  the  ECiC  system,  as  the  result  or  the  research 
work  done  through  June  1952,  v/as  covered  in  Phase  Report  Wo.  1,  "A 
Machine  System  for  Accepting,  Storing,  and  Searching  Engineering  Data  on 
Electronic  Components",  which  was  prepared  by  the  BatteLle  Memorial 
Institute  for  the  Wright  Air  Development  Center,  June  1952.  In  the 
pagee  that  follow,  the  above-mentioned  report  is  referred  to  as  Phase 
p Apert  no.  1, 


For  reference  purposes.  Appendix  B presents  a list  of  the  reports 
previously  issued  and  a list  of  Bat  telle  Memorial  laboratory  books  in 
which  the  original  accounts  of  the  work  are  recorded,  harries  of  nersonnel 
cf  ths  Sponsor's  organization  and  those  of  Battelle  who  contributed  to 
the  project  are  listed  in  Appendix  A. 
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PART  I 


DESCRIPTION  OF  THE  SYSTEM 
Summary 


An  electronic -component  infopirii!ticin  system  c been  designed,  to  be 
capable  of  furnishing  practical  service  to  engineers  in  selecting  the  proper 
components  for  electronic  equipment. 


Figure  2 presents  a picture  sequence  as  an  aid  to  quick  understanding 
of  (1)  the  type  of  service  the  system  is  designed  to  provide,  and  (2)  the 
essential  steps  by  which  the  Heart  ci  the  system  'xds.i 
operate. 


:s»a  r rhi  l V' 4-*»i i i 
© / 


«-r* i •_ *..• - r a.1 

X uid  SCLUVtl  CIA  kll^  A •.  vut.a*M« 


rv\  Q 1 AV 


system  and  presents  detailed  descriptions  of  those 
previously  reported.  The  principal  activities  that, 
tute  the  operation  of  such  a system  are  as  follows: 


functions  of  the  nrnnnspH 


phases  of  the  system  not 
together,  would  consti- 


A.  Collecting  and  P^o^p snir.g  ?npu+  Data 

(1)  Collecting  data  (page  26) 

(2)  Screening  and  verifying  data  (page  27) 

(3)  Coding  and  convening  dut»  to  ECIC  forms  (page  2.7) 

(4)  Punching  of  data  on  IBM  cards  (page  2?) 

(5)  Verifying  of  punching  (page  28) 

(6)  Filing  of  cards  (page  29) 

(7)  Keeping  information  up  to  date  (page  29) 


B.  Answering  Questions 

(1)  Screening  of  questions  (page  93) 

(2)  Machine  searching  of  card  files  (page  93) 


/i\ 

i li  i 


Machine  tabulating  and  tape-punching  of  selected 
data  (page  93) 

(4)  Verifying  the  accuracy  of  answers  (page  93) 

(5)  Transmitting  replies  (page  93) 


The  rest  of  this  section  contains  more  detailed  descriptions  of  these 

r _ 

rjMLUOlidt 


13 


OPERATION 


FIGURE  2 
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Forms  of  Electronic -G 


omponerit  Data 


Engineering  date.  on  electronic  components  may  be  received  by  the 
ECIC  system  in  many  forms.  The  system  has  been  so  designed  that  all  of 
these  forms  of  data  could  be  entered  readily  in  the  punched-card  files.  In 
some  cases,  simple  codes  or  special  devices  would  be  used  to  condense 
(but  not  abbreviate)  data  for  transfer  to  punched  cards.  Many  data  can  be 
punched  directly  into  cards  without  transformation. 

Electronic-component  data  may  be  divided  into  two  general  classes: 
(1)  single-valued  items,  such  as  numbers,,  letters,  words,  pictures, 
symbols,  and  codes;  and  (2)  multivalued  items,  such  as  tables,  curves, 
families  of  curves,  equations,  and  nomographs. 

Some  examples  of  single-valued  electronic-component  data  that  the 
ECIC  could  handle  are: 

A.  Numbers  - 10  megacycles;  £00  volts;  45%  relative  humidity; 

3.  25  inches  (Figure  3a) 

B.  Letters  - DC  (direct  current);  UHF  (ultra-high  frequency); 

CW  (continuous  wave)  (i  .fture  3zlJ 

C.  Words  - Yes;  No;  Fixed;  Variable;  Tapped  (Figure  3b) 

D.  Symbols  - (Figure  3c) 

E.  Pictures  - (Figure  3d) 

F.  Codes  - CC  (EGIG  code  for  capacitors,  for  example, 

Figure  4,  Column  3).  Codes  may  be  used  with  any  of  the 
above  forms  of  data.  They  are  required  when  recording 
pictures  and  symbols  (with  the  exception  of  the  few  sym- 
bols which  may  be  punched  directly).  A discussion  of 
coding  and  classification  may  be  found  on  pages  30  to 
41  . A complete  set  of  ECIC  codes  is  contained  in  the 
special  ECIC  Code  Book  issued  June  15,  1951,  and  re- 
vised March  30,  1954. 

Some  examples  of  multivalued  data  are: 

A.  Tables  of  data  - (Figure  3e) 

B.  Curves  - 

Arithmetical  Coordinates  - (Figure  3f) 

Semilogarithmic  Coordinates  - (Figure  3g) 

Logarithmic  Coordinates  - (Figure  3h) 

Polar  Coordinates  - (Figure  3i) 

Triiir.ear  Coordinates  - (Figure  3j) 
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D. 


Svstems  of  Curve?  - 


Families  of  curves  - (Figure  3k) 


Wii.ii  LuiiiiueRtc  limits 


(rigure  31) 


Quality -control  charts  - (figure  3m) 

Equations  (Figure  3n)  and  Nomograms  - These  forms 
may  also  be  shown  as  curves  or  tables. 


1 1 -• t 


/ — fr»i*r 


ac  tn«n  one  m cthod  of  icCOiuiug  may  Dc  e^^iiCauic  lu  soiirie  ox  t ne 


most  usable  form  should  be  employed.  The  methods  employed  in  the  ECI.C 
have  been  specified  in  the  EGIC  data  sheets  for  recording  particular 
characteristics. 


Examples  showing  in  detail  how  the  various  forms  of  data  listed  above 
may  be  entered  on  IBM  punched  cards  are  contained  in  Phase  Report  No.  1, 
in  two  sections  beginning  with  pages  7 and  75,  respectively. 


4-151 
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FORMS  OF  E1  crrPQHir-cnMPOMgMT  DATA 
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FORMS  OF  DATA  (CONTINUED) 
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?y  CURVE-fE-ULGGARITHMIC,  SHOWING  HOW  RESISTOR  TEMPERATURE 
CHARACTERISTIC  VARIES  WITH  RESISTANCE 
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FIGURE  31.  CURVE  — POLAR  COORDINATES,  SHOWING 
ANTENNA  FIELD  PATTERN 


FIGURE  3*.  CURVES  - TRIUNEAR  COORDINATES,  SHOEING  METALLO- 
SKAPHIC  PHASES  PRESENT  !N  Ft-Mn-Cr  ALLOYS 
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Collecting  and  Processing  Input  Data 


There  are  many  important  problems  associated  with  the  actual  coiiec 
tiou  of  data  for  the  EOIO.  Since  these  problems  have  been  explored  only 
slightly,  and  then  mainly  to  provide  catalogue  data  sufficient  for  testing  the 
technical  aspects  of  the  system,  they  are  not  discussed  here  as  part  of  the 
description  of  the  system,  but  are  discussed  in  Part  II  of  this  report:.  The 
present  section  merely  outlines  the  steps  required  in  order  to  collect  and 
process  data  for  the  ECIC. 


Sources  of  Data 


The  value  of  sources  of  data  for  the  ECIC  would  be  governed  largely 
by  the  quality  of  data  they  contain.  Government,  private,  and  industrial 
laboratories  and  testing  f mC  1 Ilk  1 es  may  provide  useful  data.  Other  sources 
may  be  reports  of  field,  storage,  and  service  organisations  responsible  for 
the  use,  storage,  a.id  maintenance  of  equipment.  Information  may  also  be 
obtained  from  technical  societies  and  other  organisations  having  an  interest 
in  electronic  components  and  equipment. 


Communication  of  Input  Data  to  the  EdC 


It  is  expected  that,  after  an  SGIC  system  had  been  in  opsrsus::  luug 

enough  to  have  become  an  accepted  tool  for  the  electronics  industry,  data 
would  be  submitted  on  a routine  basis.  Prior  to  that  lime,  active  efforts 
to  procure  data  would  be  a regular  function  of  the  ECIC  staff. 


Input  data  may  be  received  by  the  ECIC  from  the  many  sources  indi- 
cated above  and  by  nearly  all  means  of  communication.  The  information 
may  ccrne  by  mail,  telegraph,  teletype,  telephone,  and  through  personal 
visits.  Among  the  forms  in  which  the  data  would  be  received  are: 


(1)  Catalogues 

(2)  Letters 
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(5)  Engineering  reports 

(6)  Test  reports 

(?)  Field  performance  tests. 
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Probably  the  most  exacting  job  of  the  ECIC  coordinating  engineer*  is 
the  screening  of  the  input  data.  Only  valid  data  should  be  inserted  in  the 
ECIC  punched-card  files.  Data  from  unidentified  or  questionable  sources, 
data  obtained  through  unkrown  or  unproven  tests,  and  conflicting  data  must 
be  screened  carefully.  Data  which  "just  don't  look  right"  must  be  double 
checked,  and  discarded  if  they  cannot  be  verified.  Only  after  careful 
screening  and  checking  should  the  ECIC  engineers  accept  data  for  insertion 
into  the  files.  A perpetual  objective  of  the  ECIC  engineer  should  be  to  im- 
prove the  quality  of  the  data  in  the  files. 


Enc oding  and  Transcribing  Data  to  the 
ECIC  Data  Sheets 


The  ECIC  system  requires  that  many  of  the  data  stored  in  its  files  be 
coded  in  order  to  utilize  efficiently  the  space  available  on  punched  cards. 

In  order  to  enter  data  on  punched  cards,  special  data  sheets**  and  codes 
have  been  devised.  These  codes  and  data  sheets  are  the  key  to  converting 
"rav-  data"  into  a form  suitable  for  punching  into  cards.  Pages  3C  to  4i 
describe  the  classification  and  coding  systems. 


The  data,  as  received  from  a soiree,  are  shown  in  the  second 
column  from  the  left  of  a typical  data  sheet  under  the  heading  "Insert 
Known  Data  Here".  They  are  conver  ;ed  into  the  characters  shown  in  the 
right-hand  column  headed  "Value",  These  "value"  items  are  the  ones 
punched  into  the  cards.  Engineering  judgment  is  required  in  order  to 
select  the  "known  data"  suitable  for  insertion  into  the  ECIC  system.  Actual 
conversion  of  data  from  the  "known  data"  form  into  the  "value"  form  may 
be  done  by  a trained  technician. 


Punching  of  Cards 


Card  punching  is  a routine  operation  performed  by  a trained  card- 
punch  operator  on  a key  punch.  The  operator  merely  transfers  the  data 
from  the  "Value"  column  on  the  data  sheet  to  the  proper  punched-card 
c olum  ns . 


Since  the  data  for  a single  component  will  require  a number  ox  cards, 
different  colors  of  cards  may  be  used  for  Card  No.  1,  Card  No.  2,  Card 


i iuo  w / xi  aiu  * si  3Ci'CLuiiv  i.uc  j.  iits  t. u 


handling. 


•The  coordinating  engine*?  would  be  the  Individual  responsible  for  the  technical  proficiency  of  the  operations. 
"Detailed  explanation  oi  ECIC  data  sheeu  u contained  In  part  iv  of  Fhais  iteport  No.  i.  Typical  data  sheets 
(fer  capacitors)  may  be  found  in  this  report,  pages  46  to  9f 
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When  some 
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data  arrive  later, 


of  the  information  called  for  on  a standard  data  sheet  is 


_ ^ 1 _ _ a . ^ ^ i i*.  » i _ i rr%  •_  _ 
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they  can  be  punched  in  the  blank  spaces. 


itiuulu  ii'icSc 


When  many  of  the  data  to  be  punched  into  a set  of  cards  are  identical 
on  all  the  cards,  the  automatic  duplicating  features  of  the  card  punch  can  be 
utilized  to  speed  up  the  operation.  Careful  analysis  of  the  data  to  be  punched 
will  show  the  proper  technique  for  accomplishing  the  task  most  efficiently. 


Verifying  Punching 


Being  a human  operation  much  like  typing,  the  punching  ol  cards  is 
subject  to  a certain  amount  of  error.  It  is  necessary,  therefore,  that  each 
card’s  punching  be  verified  before  the  card  is  placed  in  the  permanent  files. 
A number  of  ways  cf  doing  this,  including  some  using  machines,  are: 

(1)  To  check  visually  each  punched  card  against  the  data  sheet 
from  which  it  was  punched.  This  method  is  time -consuming 
and  is  not  very  accurate. 

(Z)  jo  have  each  of  two  operators  punch  separate  sets  of  cards 
and  compare  the  two  sets  by  means  of  the  collator  (or  repro- 
ducer, if  available) 


(3)  To  use  a card  verifier,  if  available,  instead  of  punching  a 
second  set  cf  cards.  The  manual  operation  would  be  identi- 
cal with  that  of  card  punching,  but  the  second  set  of  cards 
would  be  saved. 


(4)  To  tabulate  the  data  from  a set  of  cards  with  a tabulating 

machine  or  Cardatype  and  compare  the  tabulated  sheet  with 
the  original  datar 


The  method  to  be  used  will  be  determined  by  the  type  and  amount  cf  data 
to  be  verified  — but  verification  is  essential. 


Copy  of  ECIC  Data  to  ba  Sent  to  Source 


A conclusive  check  of  the  accuracy  of  data  inserted  into  the  ECIC  files 
may  be  obtained  by  sending  a copy  of  the  data,  tabulated  from  the  ECIC 
cards,  to  the  original  sender  cf  the  data.  In  this  way,  errors  that  may  have 
been  made  by  the  sender,  as  well  as  errors  that  have  been  made  by  the 
ECIC  staff,  *.  ouia  be  detected. 
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Keeping  Data  Up  to  Date 

Oatp.  sources  should  be  encouraged  to  keep  ECIC  information  current 
without  prompting.  At  regular  intervals,  probably  every  six  months,  these 
sources  should  be  contacted  for  information  as  to  new  products,  discontinued 
product?,  ar>d  for  »?uiiioiml  or  revised  data  on  existing  products.  At  least 
every  ten  years  (perhaps  cftener,  if  experience  indicated  the  need),  each 
file  card  should  be  reviewed  and  the  data  on  it  discarded  or  revised.  The 
date  of  such  revision  would  appear  on  the  card. 


Filing 


After  checking  and  correcting^  cards  are  placed  in  the  ECIC  files. 

The  cards  are  classified  according  to  component  group,  type  of  component, 
and  vertical-file  breakdown  (explanation  starts  on  page  32).  These  classi- 
fications would  establish  the  location  of  a card  deck  within  the  files.  Within 
a card  Heck,  the  cards  would  remain  in  random  order.  Card  color  markings, 
corner  cuts,  and  special  printing  make  available  over  10C0  distinctive  combi- 
nations to  aid  visual  recognition  and  handling  of  the  various  card  categories. 


Space  Required  for  Card  Files 

It  is  estimated  that  th*»  data  from  all  manufacturers  on  a typical  com- 
ponent group  (capacitors,  for  example)  could  be  punched  on  about  100,000 
IBM  30-column  cards.  This  number  of  cards  can  be  filed  in  one  cabinet  that 
would  occupy  floor  space  measuring  20  x 28  inches  and  be  about  8 feet  high. 
This  means  that,  allowing  lor  genercu:  aisle  space,  a file  room  measuring 
about  15  x 20  feet  probably  would  be  large  enough  to  house  one  complete  file 
of  cards  on  the  35  most  extensively  used  electronic  components. 

Note-  More  detailed  information  concerning  the  insertion  of 
data  into  the  system  may  be  found  beginning  on  page  75 
of  Phase  Report  No.  1. 


WaDC  TR  54-  i 5 1 


29 


Classification  and  Coding 


Clas  sification 

A major  objective  of  the  program  which  led  to  the  development  of  the 
ECIC  system  was  to  make  electronic-component  information  readily  avail- 
able. Data  had  to  be  obtainable  quickly  and  cheaply.  Although  the  develop- 
ment of  an  information-classification  system  was  not  included  in  the  original 
research  objective,  it  soon  became  apparent  that  such  a system  would  be 
necessary  if  the  requirements  of  speed  and  economy  were  to  be  met. 

The  classification  scheme  dievised  for  the  ECIC  system  permits  one  to 
find  a desired  unit  of  information  by  searching  only  a part  of  the  total  in  the 
files.  The  classification  system  gains  speed  for  the  searcher  by  organizing 
information  and  defining  terms. 


one. 


The  classification  scheme  described  in  this  section  is  not  a classical 
The  sole  objective  of  its  development  was  the  very  practical  aim  of 


providing  electronic  “Component  infovmritioo  speedily  and  economically. 


The  ECIC  Classification  Problem.  In  the  pa  \ attempts  have  been 
made  to  classify  all  human  knowledge  for  the  purposes  of  better  understand- 
ing and  recovery.  To  date,  no  such  classification  scheme  has  been  wholly 
successful.  This  is  understandable,  since,  to  be  successful,  the  scheme 
must  include  or  make  provision  for  all  knowledge  — past,  present,  and 
future.  If  an  individual  or  organization  were  fortunate  enough  to  have  this 
knowledge^  there  is  still  some  question  of  whether  it  actually  could  be 
classified  in  a single  system  suitable  for  all  purposes. 

The  situation  is  not  so  hopeless,  however,  when  a single  purpose  is 
the  objective  of  the  classification  system.  If  the  desired  classification  is 
limited  to  a specific,  field  of  knowledge,  the  task  becomes  quite  feasible. 
Many  classification  systems  have  been  devised,  for  restricted  fields  of 
knowledge  and  based  on  limited  objectives,  which  have  served  their  purpose 
well. 


A classification  system  suitable  for  the  ECIC  must  have: 


(1) 


A predetermined  location  or  "pigeon  hole"  fer  each  unit  of 
information  that  is  to  be  stored,  in  the  ECIC  file.  Some  con- 
sideration was  given  to  putting  information  into  a system  in 
completely  random  order.  The  thought  was  that  machines 
could  search  through  a large  volume  of  random  information 
rapidly  enough.  However,  during  the  development  of  the 
ECIC-;  no  machine  adequate  to  do  this  job  was  available  on 
the  market.  It  was  decided,  therefore,  to  use  the  most 
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appropriate  available  ina.chin.es  fcr  the  job  and  to  adapt,  the 
system  to  the  machines.  A.  natural  result  of  this  decision 
was  the  adoption  of  fixed-field  pureh  cards  for  storing  data. 
The  fixed  fields  provide  "pigeon  holes"  that  may  he  located 
directly,  or  nearly  so,  in  a very  short  time. 

(2)  A means  to  provide  quick  access  to  large  volumes  of  data 
covering  many  characteristics.  The  need  for  searching 
through  large  volumes  of  data  was  recognised.  However, 

it  was  also  recognized  that,  at  times,  answers  would  require 
the  consideration  of  many  separate  characteristics..  This 
means  that  sequential  time-consuming  searching  of  many- 
separate  locations  might  often  be  necessary.  The  classifi- 
cation system  needed,  therefore,  must  permit  simultaneous 
searching  over  broad  ranges  and  combinations  of  character- 
istics, as  well  as  for  specific  details.  To  accomplish  this, 
information  was  organized  in  a vertical-file  breakdown  to 
three  levels.  B «* 1 o’.v  these  levels,  no  classification  was  made. 

(3)  Definitions  of  components  and  terms . A major  problem  con- 
fronting the  users  of  the  ECIC  and  the  people  wo r king  with  it 
will  be  to  understand  the  words  that  are  used.  This  is  the 
common  problem  of  semantics.  It  was  found  that  the  classi- 
fication system  could  well  serve  also  to  define  terms.  The 
characteristics  that  a component  possesses  in  reality  define 
the  component.  The  ECIC  classification  system  has  been 
oaseu  on  this  observation.  This  is  contrary  to  the  usual 

use  of  a classification  system,  where  terms  are  defined 
first  and  then  located  in  accordance  with  their  definitions  .. 

The  ECIC  classification  system  has  been  so  designed  that 
a component  that  may  be  called  by  many  names  elsewhere 
can  have  but  one  designation  in  the  ECIC. 

(4)  Expandability , It  was  assumed  that  the  last  word  in  com- 
ponent development  has  not  yet  been  conceived.  Certainly, 
many  new  components  will  appear  in  the  future.  It  is 
important  that  the  system  be  flexible  enough  to  permit 
acceptance  of  such  new  ideas.  It  would  be  tragic  indeed  if 
the  ECIC  system  were  so  rigid  as  to  exclude  new  and  use- 
ful information,  when  the  main  objective  of  the  system  is 
to  make  this  type  of  information  more  readily  available. 

The  ECIC  system,  if  it  is  to  have  lasting  value,  must  be 
able  to  accommodate  new  and  as  yet  unknown  components. 

(5)  Preselection  of  component  characteristics.  The  character  = 
i sties  to  be  recorded  must  be  selected,  organized,  and 
defined  before  the  system  can  be  operated.  It  has  been  the 
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intention  ox  the  E'.CIC-system  engineers  to  work  out  these 
details  to  include  specific  types  of  information  that  are  of 
value  today.  They  tried  also  to  provide  for  the  future  by 
including  data  of  a general  technical  nature. 


The  EC1C  Classification  System.  During  early  development  of  the 
system,  a major  problem  was  to  define  what  is  meant  by  "electronic  com- 
ponent", The  definition  of  this  term  was  basic  to  the  fulfillment  of  the 
contract,  since  ine  tatter  rci^uirCu  then  ail  electronic  components  be  cou° 
sidered  and  included  in  the  ultimate  system.  The  definition  of  "electronic 
component ",  therefore,  had  to  cover  the  intent  of  the  contract,  but  obviously, 
it  could  not  be  so  general  as  to  include  everything  that  had  electrons  in  its 
make-up.  The  practical  definition  finally  selected  was: 

"An  electronic  component  is  any  item  that  is  used  to  construct 
and  becomes  a part  of  electronic  equipment  (subassemblies 
and  package  units  are  excluded)." 

This  definition,  although  not  perfect,  has  served  as  a guide  to  help 
decide  what  should  or  should  not  be  included  in  the  ECIC.  It  provides  a 
reasonable  line  of  demarcation  between  electronic  components  and  more 
complex  units. 

After  the  general  field  of  electronic  components  was  defined,  it  be- 
came necessary  to  define  the  meanings  of  the  various  words  used  to  describi 
components.  Words  such  as  "rectifier",  "crystal",  and  "motr.r"  describe 
well-known  components,  but  each  of  them  may  be  interpreted  in  more  than 
one  way.  As  an  example,  crystals  are  frequently  used  as  rectifiers,  but 
they  also  may  be  used  as  motors,  under  certain  interpretations  of  the  word 
motor  • therefore,  all  ?lectrnnir  components  known  to  the  engineers 
were  classified  according  to  a scheme,  termed  the  Code  for  Components, 
which  became  the  basic  definition  of  component  names  used  in  the  ECIC. 

The  Code  for  Components,  Figure  4,  contains  approximately  SO  dif- 
ferent items,  which  have  been  coded,  and  each  item,  may  represent  a com- 
ponent. Commonly  used  terms,  such  as  electron  tubes,  have  been  divided 
into  five  or  six  separate  components,  such  as  electron  tubes  - vacuum, 
electron  tubes  - gaseous,  photoelectric  cells,  cathode-ray  tubes,  etc.  The 
classification  of  components  by  this  code  permits  a useful  description  of 
all  components.  As  an  example,  a capacitor  (Code  CC)  is  listed  as  a com- 
ponent that  uses  energy  directly  in  the  performance  of  its  prime  function 
and  in  which  a movement  of  electric  charges  or  current  is  inherent,  in  its 
operation,  it  is  further  classified  as  a linear  element  in  which  the  flo™  of 
charged  particles  is  restricted  to  solid  or  liquid  conductor*.  The  specific 
definition  for  a capacitor  considers  it  as  a component  that  is  intended  to 
introduce  capacitance  into  a circuit.  For  ECIC  purposes,  any  component 
that  meet*  the  requirements  outlined  above  would  be  a capacitor  and  would 
few  iaentitied  by  the  code  symbol  CC. 
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Symbols  now  in  general  usage  were  employed  wherever  possible. 
Standard  symbols,  however,  could  not  always  be  used  because  of  the  char- 
acteristics of  the  IBM  machine  system.  The  machines  require  at  least 
two  symbols  per  component,  and  general  usage  does  not  always  involve  that 
number. 


Alter  the  components  had  been  defined,  it  was  necessary  to  break 
down  the  component  groups  into  types  of  component.  An  effort  was  made, 
for  each  component  group,  to  find  a natural  breakdown  by  which  more 
direct  searching  could  be  achieved. 

Type  of  component  has  been  defined,  according  to  the  EC1C  system, 
as: 


"A  division  of  the  classification  system  which  describes  major 
differences  of  composition,  construction,  or  function  of  a 
particular  component.  The  basis  of  breakdown  varies  for  each 
component  and  is  defined  separately  for  each  component." 

For  capacitors,  the  type  of  component  is  based  upon  the  dielectric  material 
and  the  adjustability . Code  No-  20,  page  80,  and  the  definitions  pertaining 
to  it  show  exactly  what  is  meant  by  "type  of  component"  for  capacitors. 

Alter  completing  this  division,  it  was  believed  that  still  -another 
breakdown  would  be  required  in  order  to  keep  the  size  of  searches  small. 
Therefore,  a final  breakdown  was  made.  This  has  been  called  the  vertical- 
file  breakdown,  and  it  has  been  defined  as: 

"A  subdivision  of  the  classification  system  based  on  standard 
usage,  construction  differences,  or  operational  characteristics 
of  components.  The  basis  of  breakdown  varies  for  each  com- 
ponent and  is  defined  separately  for  each  component.  " 

The  vertical-file  breakdown  for  capacitors,  Code  No.  21,  page  81,  is  a 
subdivision  oi  the  c lass  if  ic  ation  system  based  on  the  operating  voltage  of 
the  capacitor.  There  is  no  standard  or  fixed  basis  for  making  a vertical- 
file  breakdown.  The  ultimate  deciding  factor  as  to  which  characteristic 
would  be  most  useful  for  this  purpose  has  been  engineering  judgment.  The 
same  vertical-file  breakdowns  have  not  necessarily  been  used  for  all  of  the 
various  types  of  a given  component.  No  further  breakdowns  were  used 
beyond  the  vertical-file  breakdown. 


All  components  cards  falling  together  after  tuc  vertical— file  break- 
down would  be  kept  in  random  order,  and  searches  through  the  randomized 
Gaia  made  with  a machine.  This,  in  effect,  has  kept  about  50  character- 
istics randomized,  and  the  rigid  classification  system  was  applied  only  to 
three  major  characteristics:  component,  type  of  component,  and  the 

hr^alrHnvyn  . 
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The  Special  Reports  and  Code  E^oks  produced  for  the  ECIC  comprise 
the  classification  system.  Understanding  the  ECIC  classification  system 
permits  one  to  find  the  proper  Lie  a c I any  component  in  a very  few  minutes. 

More  detailed  material  on  the  classification  system  may  be  found  in: 

(1)  Code  Book  dated  June  15,  1951,  revised  March  30,  1954 

(2)  Phase  Report  No-  i,  pages  7 through  15  and  47  through  82 

(3)  Interim  Engineering  Reports: 

No.  1,  pages  6 through  7 
No.  3,  pages  32  through  43 

No.  4,  pages  51  through  55a  and  63  through  65 
No.  5,  pages  72  through  75 

No.  b,  pages  101  through  108  and  112  through  117 

No.  7,  pages  123  through  135  and  14C  through  152 

No.  8,  pages  158  through  170  and  173  through  187 

No.  9,  pages  201  through  218 

No.  10,  pages  230  through  236  and  238  through  254 

No.  11,  pages  263  through  265  and  272  through  278 

No.  12,  pages  284  through  286  and  29”*  through  296 

(4)  Fifteen  Special  Reports  (see  the  list  on  page  175) 

Appendix  B lists  the  above  reports  in  more  detail. 


Coding 

A code  may  be  defined  as  "a  system  of  symbols  used  for  communica- 
tion". These  symbols  may  be  words,  letters,  "umbers,  combinations  of 
letters  and  numbers,  or  any  reproducible  signal  or  combination  cf  signals. 
A representative  code  is  the  pattern  of  holes  punched  into  IBM  cards*  to 
represent  the  letters  o?  the  alphabet,  numbers,  and  eleven  special  charac- 
ters used  to  record  information.  The  letters,  numbers,  and  special  char- 
acters may  be  codes  themselves,  if  direct  recording  of  data  is  not  feasible. 

Codes  may  be  used,  in  general,  for  two  purposes.  One  is  to  conceal 
from  unauthorized  observers  the  meaning  of  information  that  must  be  trans- 
mitted, The  ECIC  is  not  concerned  with  codes  for  this  purpose.  The  other 
purpose  is  to  make  the  transmission  (or  communication)  of  information 
mere  efficient.  All  ECIC  codes  have  been  set  up  to  provide  efficient 
communication  of  data. 


*This  code  ii  described  in  detail  in  Phase  Report  No.  1.  page  18. 
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Reasons  for  Coding  in  ECIC,  The  ECIC  codes  were  designed: 

(1)  To  save  space  on  cards.  The  limited  space  on  * piim-ucd 
card  (80  columns,  with  12  punching  positions  per  column) 
makes  it  imperative  that,  information  be  recorded  as  con- 
cisely as  practicable.  By  coding,  it  is  possible  to  com- 
press data  into  a smaller  space  than  would  be  required 
for  the  uncoded  data.  A simple  example  is  shown  in 
Figure  5a.  In  that  example,  numbers  that  otherwise 
would  require  reserving  9 columns,  such  as  00000023.  1 
and  53200000,  0.  were  reduced  to  four  columns  by  coding 
them  in  the  form  of  2.  31  x 10  and  5.  32  x 10?,  recorded 
as  2311  and  5327-* 

(2)  To  eliminate  nonsignificant  digits.  The  example  of  coding 

discussed  above  used  numbers  with  many  more  digit  po- 
sitions than  there  were  significant  digits.  It  is  very 
seldom  that  the  number  of  significant  digits  required  to 
record  information  exceeds  four  or  five,  and  engineering 
daia  generally  are  ncl  accurate  to  more  than  three  sig- 
nificant digits.  However,  the  range  oi  values  encountered 
frequently  exceeds  ten  cr  twelve  decimal  positions.  The 
range  in  resistance  values,  for  example,  may  extend  from 
below  0.  001  ohm  for  shunts  to  over  10,  000  megohms  for 
high-meg  resistors  - a range  of  i4  decimal  positions. 
Since  only  the  significant  Mud  i«iC  location  of  the 

decimal  point  need  be  retained  when  data  of  this  sort  are 
3tored.,  a code  to  indicate  the  decimal- point  location  aids 
condensation.  This  code  is  the  simple  exponential  multi- 
plier system  mentioned  previously. 


(3) 


To  simplify  machine  sea-ching.  Proper  coding  of  infor- 
mation frequently  makes  a machine  search  easier.  This 
will  be  true  whenever  the  coded  data  mere  nearly  approach 
the  "language1'  of  tne  machine  man  do  toe  original  data. 
Since  most  machines  handle  numbers  more  easily  than 
letters,  alphabetical  information  frequently  can  be  coded 
into  numerical  form  to  simplify  machine  usage.  It  is 
possible,  of  course,  to  make  a good  machine  code  so  com- 
plex that  the  gain  in  ease  of  machine  usage  does  not  justify 
the  time  reouired  to  translate  the  original  data  into  coded 


form.  Sound  judgment  should  be  exercised  when  developing 
codes,  to  ensure  proper  balance  in  the  simplicity  or  com- 

...  *i i„ 

W*  WAV.  VVUV  • 


*Ir  a fixed-field  system,  enough  column*  mutt  be  reserved  for  the  largest  numbe:  it  is  dc.Uetf  to  record. 
Therefore,  if  'pace  for  53200000.0  is  provided,  it  would  be  advisable  to  print  the  sis  ciphers  in  000000—3.1 
even  though  only  one  might  be  needed. 
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(4)  To  record  data  that  cannot  hr  described  in  words.  A 
Chinese  proverb  says  that  a picture  is  worth  10,000  words. 

Some  pictures  and  some  ideas  cannot  be  described  with 
words  at  all.  However,  symbols  may  be  assigned  to  repre- 
sent many  ideas,  and  then  those  ideas,  which  may  not  be 
expressible  in  words,  can  be  recorded  on  punched  cards, 

(5)  To  describe  data  precisely.  Many  words  have  a variety 

of,  or  uncertain,  meanings.  The  problem  of  accurate  com- 
munication becomes  more  difficult  if  words  and  items  are 
not  defined  carefully.  It  is  possible,  in  some  cases,  to 
eliminate  the  words  and  to  resort  entirely  to  codes  in  order 
to  clarify  the  meanings  intended  for  particular:  words  by 
a particular  user,  such  as  the  ECIC.  An  example  of  this 
type  of  coding  was  described  in  the  previous  section  on 
Classification.  This  is  the  Code  for  Components,  Figure  4, 
in  which  the  code  CC,  for  instance,  represents  what  the 
ECIC  system  means  by  the  word  " capacitor” . The  Code 
for  Components  illustrates  how  » code  ana  a classification 
scheme  may  supplement  each  other  to  define  more  pre- 
cisely the  words  that  have  uncertain  meanings  in  general 
usage. 

What  Can  Be  Coded?  Any  data  that  can  be  communicated  can  be 
coded.  In  fact,  some  things  cannot  be  communicated  unless  they  are  coded, 
and  the  major  communication  channels,  such  as  telephone,  telegraph, 
radio,  and  television,  always  code  the  messages  that  pass  over  them.  Most 
of  the  means  used  to  record  data  in  the  ECIC  involve  coding  of  one  sort  or 
another.  (This  is  in  addition  to  the  punched-hole  code  intrinsic  to  an  IBM 
card.)  Words,  numbers,  pictures,  circuits,  names  and  addresses,  posi- 
tions, ideas,  and  values  have  all  been  coded  in  the  ECIC  system. 

The  information  coded  is  extensive.  A separate  volume  of  instruc- 
tions, the  Code  Book*,  was  prepared  to  list,  explain,  and  help  interpret 
the  information. 


How  is  Information  Coded?  The  methods  of  coding  information  used 
in  the  ECIC  are  described  in  the  Code  Book  and  on  pages  75  through  SZ  of 
Phase  Report  No.  1. 

Figure  5 shows  examples  of  coding  taken  from  those  references. 
Among  these  are: 

(1)  Use  of  an  exponential  multiplier  to  eliminate  unused  digits 
(Figure  5a) 

(Z)  Replacement  of  words  and  phrases  with  numbers  (Figure  5b) 

*Tentaiive  Cod?  Book  for  fcitxuonic  Component  infoinmion  Center,  originally  issued  in  June,  1951;  revised 
Mkich  30,  i»54. 

W A DC  TR  54-15!  37 


Card  space  for  number  values  is  conserved  in  this  manner: 


EXAMPLE:  fiMi'dvnw  reives  from  23.1  ohms  to  S3, 200,000  ohms  are  to  he  recorded, . 


|{  receded  directly,  ntr.e  card 


.j. 


If  recorded  as  three  significant 
figures  times  u power  of  ten, 
only  four  columns  are  required; 


23.1  ohms.  S3  200  000  ohms 


00000023.1  ohms 


53,200,000.0  shm* 


2.31  x 101  5.32  x 10^ 


r. 
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•ef\ 


WADC  TR  54=151 


nvauni  33IAB3S-M8 


I 

r 

i 

i 


j 

, 


'i. 

n 


u< 

'v 

. n 

ll. 

0 

I 


-rt  .c  Q.w 

M TJ 

£ g'S’S 


v 

6 


•£»  ■XL 


(3)  Representation  of  picture*,  shapes,  and  circuits  by  mcias 

_ ^ _ %.  . . . / *-•  • s-  r _ X C J'. 

ui  ii U4ii  ut. 4 o y4  i^Ui  « a -/ v.  » MU,  -May  x 

(4)  Classification  of  ideas  by  letters  and  numbers  (Code  for 
Components,  Figure  4,  Code  for  Manufacturers,  Figure  5e). 
In  these  examples,  a special  categorical  meaning  is 
attached  to  the  first  symbol* 


All  coded  materia i must  us  decoded  if  it  is  to  be  und 


j . 


stood.  In  many  cases,  codes  are  constructed  systematically,  and  knowledge 
of  the  system  will  permit  one  to  decode  without  a code  book.  In  other  cases, 
where  no  system  exists,  it  is  necessary  that  the  total  coded  material  be 
made  available  io  permit  decoding.  The  Code  Book  fills  this  need  for  the 
ECIC.  Ail  codes  used  in  the  ECIC  are  contained  in  it,  and  explained. 


ECIC-5y»tem  Details  for  a Typical  Electronic  Component 


Data  Sheets,  Definitions,  and  Test  Methoos  for  Capacitors 


Detailed  data  sheets,  definitions,  test  methods,  codes,  and  in- 
structions for  processing  data  on  fifteen  major  electronic  component  groups 
have  been  incorporated  into  separate  reports  (see  Appendix  B),  one  for 
each  group. 


This  section  of  the  Final  Report  contains  a reprint  of  the  report  for 
ECIG  W ork  Sheets  on  Capacitors,  as  an  example  of  the  design  details  for 
processing  component  data  in  an  ECiC. 


Application- Data  Sheets.  The  Application- Data  Sheets  for  Capacitors, 
pages  45  through  64,  include  many  of  the  significant  single- valued  and 
"continuously  variable"  characteristics  of  a capacitor.  The  single- valued 
data  include  such  properties  as  pertinent  ratings,  physical  properties, 
(shape,  dimension,  etc.  ),  type  of  enclosure,  environmental  conditions,  and 
some  electrical  and  mechanical  characteristics  (Also  included  are 
continuously  variable  quantities,  which  include  such  data  as  operation  under 
various  conditions  of  humidity,  altitude,  temperature,  and  sc  forth.  ) 


For  the  single-valued  characteristics  on  the  data  sheets,  definitions 
appear  on  the  opposite  page.  The  source  from  which  the  desired  charac- 
teristic may  be  obtained  for  each  item  is  included  immediately  following 
each  definition.  For  the  continuously  variable- type  data,  the  method  for 
obtaining  the  data  appears  in  the  section,  "ECIC  Tentative  Test  Procedures 
for  Capacitors". 


Procurement- Data  Sheets.  In  addition  to  replying  to  inquiries  re- 
garding the  specific,  technical  characteristics  of  capacitors,  the  ECIC  may 
be  asked  to  furnish  limited  information  as  to  the  procurement  of  the  de- 
sired component.  Procurement- data  sheets.,  page  65.  have  been  prepared 
to  facilitate  the  entry  of  such  information  into  the  ECiC  files  in  a uniform 
manner;  definitions  and  sources  of  information  accompany  each  item  on  the 
data  sheet. 


The  procurement-data  file  oi  the  ECIC  can  furnish  information  as  to 


the  iiittuufactur cr , 
ticular  capacitor, 
as  well  as  the  type 


stock  Uiiu  class  >iiii>'iurr%,  tiiiu  dpuiijAiiTOatti  cost  of  a jjar- 
The  corresponding  Air  Force  stock  and  class  numbers, 
of  approval  granted  to  the  capacitor,  can  also  be  given. 


Summary-Data  Sheets.  In  the  interest  of  speedy  service  to  the  users 
of  the  ECIC,  means  have  been  devised  to  summarize  certain  data  on 
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elcctx  omc  components.  This  summary  of  information  is  possible;  because  a 
number  of  manufacturers  produce  entire  series  of  capacitors  with  manv 
characteristics  in  common. 

The  basis  on  which  capacitor  data  can  be  summarized  is  that  the 
individual  units  are  identical,  except  for  capacitance  range,  weight,  and 
miniaturization.  Thus,  the  work  sheets  on  pages  68  through  71  were  pre- 
pared to  permit  the  inclusion  of  the  summary  information  and  its  conversion 
into  a form  suitable  for  entry  into  the  ECIC  files.  Again,  definitions  for 
the  characteristics  are  placed  on  the  facing  page,  together  with  suitable 
sources  for  the  individual  items. 


ECIC  Tentative  Test  Procedures  for  Capacitors.  This  section,  pages 
72  to  79,  contain*;  the  test  methods  for  obtaining  continuously  variable  data. 

Existing  military  specifications  have  been  used  as  the  source  of  test 
methods  by  which  these  data  may  be  obtained,  wherever  such  specifications 
include  suitable  procedures.  No  military  specification  is  applicable  for 
obtaining  some  necessary  information,  and,  in  these  cases,  a tentative  test 
procedure  has  been  written.  Such  tentative  procedures  have  not  been  proven 
on  this  project  because  o?  limited  time  and  funds. 


ECiC  Capacitor  Codes.  This  section,  pages  80  to  82,  contains  the 
codes  referring  specifically  to  capacitors,  and,  together  with  the  common 
codes  Numbers  l to  20  (see  ECIC  Code  Book,  June  15,  1951,  revised 
March  30,  1954),  forms  the  basis  for  encoding  the  technical  characteristics 
of  capacitors  prior  to  their  insertion  into  the  ECIC  files.  Coding  is  re- 
quired to  condense  the  data  to  a form  in  which  it  can  be  readily  entered  on 
punched  cards.  Should  additional  codes  be  required  at  a lateh  date,  the 
code  section  may  be  expanded  as  needed. 


Data- Collection  Sheets  for  Capacitors.  This  section  of  the  details  on 
capacitors  (pages  8 i to  87)  includes  data  sheets  for  use  in  collecting  "raw" 
data.  Space  is  provided  for  all  technical  information  necessary  fer  com- 
pleting the  application- data  sheets.  Definitions,  instructions,  and  pro- 
cedures are  included  or  referenced  to  clarify  any  uncertainty  as  to  how  the 
blanks  should  be  filled.  These  definitions,  instructions,  and  procedures 


lill  k x iti  i 


1.110  ou 


O * A V4V 


1.01  c f 


Licaiion-data  sheets. 


As  in  the  application- data  sheets,  single-point  and  life- expectanc  y 
data  are  included  as  separate  groups  for  convenience  in  Handling. 


These  sheets  have  been  prepared  so  tha*  they  can  be  filled  in  by  a 
representative  of  a manufacturer  or  a testing  laboratory,  or  by  other 
persons  not  familiar  with  the  ECIC  system.  They  combine  parts  ol  the 
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ECIC  application-data  sheets  with  the  ECIC  codes  to  provide  check-off  lists 
wherever  possible.  In  audition,  d- : ions  have  been  reworded  somewhat 
to  match  the  simplified  data  sheets.  The  test  procedures  referxed  to  here 
are  the  seme  as  those  used  with  the  application-data  sheets. 


Military  Specifications  for  Capacitors 


JAN-C- 

c 

Capacitors,  Mica-Dielectric,  Fixed 

JAN-C- 

20A 

Capacitors,  Fixed,  Ceramic-Dielectric  (Temperature 
Compensating) 

JAN-C- 

£ ”1 

Capacitors,  Direct-Current,  Paper-Dielectric*  Fixed 
(Hermetically  Sealed  in  Metallic  Cases) 

JAN-C- 

62 

Capacitors,  Dry-Electrolytic,  Polarized 

JAN-C- 

Si 

Capacitors,  Ceramic-Dielectric.  Variable 

JAN-C- 

91 

Capacitoxs,  Paper-Dielelectrie,  Fixed 

JAN-C- 

92 

Capacitors,  Air-I 'ielectric,  Variable 

MIL-C- 

5622 

Capacitor;  Paper  Foil,  Power,  i 1 5-Volt  Alternating 
Current,  400  to  2400  Cycles 

MIL-C-10950A  Capacitors,  Fixed,  Mica -Dielectric,  Button  Style* 
MIL-C-11015A  Capacitors,  Fixed,  Ceramic-Dielectric 
MIL.-C-l  1 272  Capacitors,  Fixed,  Glass-Dielectric,  Glass  Case 
MIL-C-1 1 561  Capacitors,  Suppression,  Hijit-V olUgc 
MIL-C-1 1693  Capacitors,  Feed-Through 

AAF-32412-B  Capacitors;  Fixed 
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DETAILED  WORK  SHEETS 
FOR  CAPACITORS 


laitrticHoa  Skatl  for  Application  Data  oa  capacitor*  /mr  Punched-Card  Fite 

: Or*«»b«r  4 955 
Card  No.  i 


Caur*c^ri0nci 


l GENERAL 


COM?0*?£HT  - A*sy  cspa^lt^  *bit  1b  ua»d  in  the  construction  of.  and  bacomaa  aa  lMt|ral  part  of,  electronic  equipment. 

"“A  'caaaciiUT  la  s,  which  i«  dee lgue:£  in  ** 'w • v#  oa  electric  100*0  Cods  jfie=  «. 

TTPS  Or  COMPONENT  - A division  ox  ist  2C!C  v!*«**fl**tio*  system  baaed  oa  the  degree  of  adjustability  of  the 
capacitor  and  tha  dielectric  matariala  uaed  la  lta  construction.  ECIC  Code  No.  2G. 

Source  - Manufacturer*  • de-enption. 

VERTICAL- FILE  BREAKDOWN  - A subdivision  of  the  ECIC  cUaalflcatloo  system  baaed  on  the  working  voltage  rating 
of  the  capacitor. 

Source  - ECIC  Code  No.  21  and  the  working  voltage  rating  of  the  capacitor.  Thla  vaVae  ia  ahown  under  Pertinent 
Ratings. 

INDEX  COPE  - A coda  which  uniquely  identifiea  the  card  or  aet  of  carda  pertaining  to  oee  capacitor.  ECIC  Coda  No.  0. 

Source  * Iaaued  by  the  ECIC  controlling  agency. 

MANUFACTURER  - The  name  of  the  firm  which  manufactures  the  capacitor.  ECIC  Code  No.  2. 

SPECIFICATIONS  - A de  a if  nation  ol  the  specifications  the  capacitor  U*  in  & mnnssr  acceptable  to  the  agency 

issuing  the  apecificttivc;,  ECIC  Code  No.  22. 

Source  - Manufacturer^  e data,  MIL,  JAN,  or  ether  specifications. 

II  PERTINENT  RATINGS 

CAp*r?T  n The  nominal  cepect!i»»ce  value  of  me  capacitor.  Capacitance  ia  the  ratio  of  charge  to  voltage.  Th<e 

unite  are  mic  romir.ro/arada. 

Source  - Manufacturer  * » rating. 

WORKING  VOLTAGE  - The  nomine1  d-e  working  voltage  which  can  be  aafely  and  continuously  impressed  across  the 
capacitor  terminals.  The  units  are  volte. 

Source  - Manufacturer*  e rating. 

SECTION  NUMBER  - A number  assigned  to  a section  of  a multiple -section  capacitor  to  identity  all  punched-card  data 
concerning  ihm*  section.  The  sections  are  arranged  sccordicg  to  voltage,  with  Section  No.  1 being 
assigned  to  the  lowest  voltage  section. 

Source  - Supplied  hy  the  ECIC. 

HI  PHYSICAL 


SHAPE  - The  ihape  aa  indicated  hy  Sha>e  Code  **o.  5 which  gives  the  least  volume  and  complete iy  envelope  the 
capacitor.  The  following  nppiy  . 

(1)  Leada  and  terminals  which  ci^crt  be  readily  hent  must  be  included  in  the  shape. 

(2)  Mounting  brackets  that  are  an  integral  part  of  the  structure  must  be  included  to 
the  shape. 

Sourc-  - Menulacturer*  a description  or  observation. 

DIMENSIONS  "A**,  'B1*,  AND  **C**  - Tbe  dimensions  of  the  capacitor  aa  indicated  hy  the  Shape  Code  No.  3.  The  unite  for 
dimensions  are  mila. 

Source  - Manufacturer  * a description  or  direct  measurement. 

VOLUME  - The  volume  aa  indicated  hy  the  shape  and  dimensions  ''A'*,  "B",  and  **Cn.  The  unite  lor  volume  are 

inouianuiha  uf  • Cubic  aoCh. 

Source  - Calculated  hy  ECIC. 

MINIATURIZATION  ••  A measure  of  the  performance  capability  per  unit  volume.  The  nominal  energy  (rrve romic rowrtt- 
secondi ) per  unit  volume  of  the  capacitor. 

Source  - Calculated  hy  ECIC. 

- i ^ • hf  weight  ox  the  capacitor.  The  units  for  weight  are  <imliuuu\.ci. 


Source  - Direr?  n>.?%aurr»»»#nti 


TERMINAL  TYPE  - The  type  of  terminal  used  on  the  capacitor.  ECIC  Code  No;  13. 
Source  - Observation. 
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APPLICATION  DATA  OK  CAPACITORS  TOR  PVWCHED-CA KO  FILE 


1 Octo'oc*  1953 

• i.a si*  fiv,  • 


CiwrtctvmUv# 

Inearl  Kuv 
n.».  u.r. 

Unite 

Column 

Number 

Number 

of 

Column* 

Code 

No. 

Value 

! Ga-.r.l 

Cosip  oaeat 

Capacitor 

— 

i-i 

2 

1 

CC 

Type  of  eotnfoMo; 

— 

4-5 

2 

20 

— 

Vertical-file  breakdown 

— 

6 

1 

21 

Zaacx  «.«*«* 

— 

7-10 

4 

0 

^manufacturer 

— 

11-14 

4 

2 

Specification* 

^ — * «. 

... 

»5-ia 

4 

22 

— 

!’,  lUtints 

00.  1 * 10** 

19-22 

4 

-- 

ml^romlcrolarad* 

W-.ki*=  vsltsss 

S.  1 * 10*  Yoit. 

23-25 

3 

~ 

Section  mum  bar 

— 

n 

1 

— 

III  Pbveical 

Shape 

— 

11 

1 

3 

SUssstiss  A 

0. 1 - ieN  miU 

4V-1S 

3 

3 

OimtMioa  B 

0.  I a 10“  miia 

31-53 

- 

5 

r»>.- — *.-»  C 

0.  1 * 10”  ml!: 

ji-  3b 

3 

1 

J 

Volume 

0.  1 X lO*4  (.001  to.  J) 

37-39 

3 

3 

_____ 

bllmiaturiaatioa 

01.  x iv**  mleromicsrowatt- 

40-42 

3 

-m. 

e«c/(.  G0i  ia.  *} 

.01  x 10**  mil  liouacaa 

43-93 

3 

— 

Termin**  type 

— 

46-47 

2 

13 
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instruct  on  oneei  ior  Appiicetior.  D sis  ca  Cs?aci*rr r fcr  Punched- Cm d I’ll* 

r*rd  No.  1 
(Continued) 


Characteristics 

IV  ENCLOSURE 

CASS,  MATERIAL  - The  material  used  for  the  outbids  covering  (exclusive  of  pilling  or  finish)  of  the  capacitor. 

ECiC  Code  No.  15. 

Source  - Manufacturer's  data. 

PROTECTIVE  COVERING  * The  -r.wthc.us  *..»£  m£**rie1;  ««*d  m protect  the  capacitor  elements  from  their  external 
en'dronment.  ECIC  Code  No.  4. 

Source  - Mi.nufacturer*  • data. 

T UHCUS1N SR T - The  trestmar.t  of  the  capacitor  against  fungus.  ECiC  C«de  No.  5. 

Test  Procedure  - MIL- E- 5272,  Paragraph  4.8. 

CORROSION  RESISTANCE  - The  corrosion  resistance  of  the  capacitor.  ECIC  Code  No*  6. 

Test  Proceaure  - ml  L.-37D-2C2,  Method  10;. 

V ENVfPOH MENTAL 

MAXIMUM  AMBIENT  TEMPERA'.'  UKt  OP.EHATl'v'fc  - The  maximum  sustained  amhient  temperature  to  which  a 

capacitor  can  he  subjected  when  not  in  operation!  then  he  energised  and  operated  within  all  specification 
limits. 

Source  - ECIC  Test  Procedure  CC-PI,  Paragraph  D-2.  The  maximum  temperature  for  which  operating  life 

is  1C2C  hours. 

MINIMUM  AMBIENT  TEMPERATURE  OPERATIVE  - The  minimum  sustained  ambient  temperature  to  which  a 

capacitor  con  he  subjected  when  not  In  operation!  then  he  er.ergiaed  and  operated  within  al!  specification 
limits 

Source  - ECIC  Test  Procedure  CC-PI,  Paragraph  D-2.  Thf  minimum  temperature  for  which  operating  ilfe 
is  1000  hours. 

MAXIMUM  -IMSIENT  TEMPERATURE  NONOPERATIVE  - The  maximum  sustained  am  hi  art  temperature  to  which  a 
capac  Llor  may  he  subjected  when  not  in  operation,  and  from  which  Vcs  capacitor  may  he  reiurnmd  io  ite 
nnrrr.n?  tomperatu-r  ranee  and  then  be  operated  within  ail  spccifitolies  Uird;s. 

Spy r<*e  - ECIC  less  Procedure  CC-PI,  Paragraph  D-2d,  The  maximum  storage  iemperatura  for  which  sneii  r*nd 
operating  lives  are  1000  hours. 

MINIMUM  AMBIENT  TEMPERATURE  NONOPERaTIVE  - Thi  minimum  sustained  amhient  temperature  to  which  a 
capacitor  may  he  subjected  when  not  lu  operation,  and  from  which  the  capacitor  may  he.  returned  to  its 
normai  operating  temperature  range  and  then  be  operated  within  all  specification  limits* 

Source  * ECIC  Test  Procedure  CC-PI,  Paragraph  D-2d.  The  minimum  storage  temperature  for  which  shelf  and 
“persting  lives  are  1000  hours. 


HUMIDITY  - This  refers  so  whether  or  not  ihe  capacitor  has  pasted  tbs  humidity  specifications  c?  MIL-STD-202. 
ECIC  Code  No.  7. 

- MIL  r. TD-2C2, 

ALTITUDE  - This  £«!«*•  to  whether  or  no?  !h*  r*pacitor  has  passed  the  altitude  specifications  of  MIL-STD- *02. 
ECIC  Code  No.  ft. 

5ou/c«  - MIL-STD-202.  Method  105. 

VIBRATION  ~ This  refers  to  whether  or  not  the  capacitor  has  passed  the  vihration  specification*  of  MIL-STD-202. 
ECIC  Code  No.  9. 

Source  - MIL-STD-202,  Method  201. 

SHOCK  - Thi»  refer?  ?■•>  -i-hfihe*  or  not  the  capacitor  has  passed  the  shocb  specifications  of  M1L-STD-202*  ECIC 
Code  No.  10. 

Source  - MIL-STD-202,  Method  202. 

VI  HISTORY 

SHELF  LIFE  - The  length  o:  *-r.;  n . j^.cltor  xr.ny  be  stored  under  standard  conditions*  At  the  end  oi  this  time,  the 
capacitor  must  meet,  all  specific ation  requirement;,  minimum  lif»  expectancy.  The  units 

fcr  shelf  life  arc  yet  :?. 

Setter*  - **C1C  Test  Procedure  CC-PI,  Paragraph  D-2d.  Use  iife  data  obtained  at  25  C, 

SERVICE  LIFE  - The  operating  ' in  **■  ^vica  that  car  be  expected  of  a capacitor  under  normal  operating  conditions. 
The  for  service  life  are  hours. 

Test  Procedure  - ECIC  T*?:  Procedure  CC-Pl,  Paragraph  D-2.  Lise  aits  obtained  ai  t.O  C iauiCsl«  the  «C7V*0C 
life  of  the  capacitor, 

QUARTER  AND  YEAR  - The  date  on  which  a card  is  first  prepared  or  completely  reviewed  and  corrected.  ECIC 
Cede  No.  11, 

Source  - Supplied  hy  ECIC. 


jp 

APPLICATION  OAT  A ON  CAFACITOkS  Io«  PUNCHED-LAJUJ  PILE 
(Continued) 

• 

Cherac  terietice 

Ineert  Known 
Date  H«:* 

Unit* 

Cclumn 

Number 

Number 

of 

Columna 

Code 

No. 

Value 

IV  Enclosure 

Cnee  material 

-- 

4* -49 

2 

15 

Protective  covering 

50-51 

i 

4 

Fungue  inert 



52 

1 

5 

Corroeion  reantance 

_ _ 

5) 

1 

4 

V Environmental 

Maximum  ambient 
t«mp«ratbre  operative 

P/N  001.  C 

54-5? 

4 

Minimum  embirnt 
temperature  operative 

P/N  001.  C 

H-tl 

4 

■ 

Maximum  ambient  tem- 
perature none7«rative 

P/N  001.  C 

42-45 

4 

Minimum  ambient  tem- 
perature nonopcative 

P/N  001.  C 

4*-** 

4 

Humidity 

70 

1 

7 

_ _ 

71 

£ 

7Z 

% 

* 

y 

• 

3b«ck 

73 

i 

iu 

-■  ' 

VI  Histcry 

Shelf  life 

01.  years 

74-  /5 

2 

-- 

Service  life 

. 01  * 10*  hour* 

71—78 

i 

Quarter  and  year 

7«»-«0 

i 

ii 

Instruction  Sheet  for  Application  Cf.ta  on  Capacitors  for  Punchec'-Card  File 


» Octchtr  195J 

rsH  Ho.  ?. 


Characteristics 


COMPONENT  - Any  capacitor  that  is  used  in  the  construction  of,  and  becomes  an  integral  part  of,  electronic  equipment. 
A capacitor  is  a component  which  is  designed  to  store  or  hold  an  electric  charge.  ECIC  Code  No.  i. 

TYPE  OF  COMPONENT  - A division  of  the  ECIC  classifies.?!™!  system  based  on  the  degree  of  adjustability  of  vile  capaci- 
tor aoid  the  dielectric  materials  ««sxd  in  its  construction.  ECIC  Code  No.  20. 

— maiiuiaCturcr' s dzscrlptisz. 

VERTICAL-FiLE  BREAKDOWN  - A subdivision  cf  the  ECIC  classification  system  based  on  the  working  voltage  rating  of 
the  capacitor. 

Source  - ECIC  Cede  No.  2i  and  the  working  voltage  r sting  of  the  capacitor.  This  value  ia  shown  under  Pertinent 
Ratings. 

INDEX  CODE  - A code  which  uniquely  identifies  the  card  cr  set  of  cardu  pertaining  to  one  capacitor.  ECIC  code  No.  V. 

Source  - Issued  by  the  ECIC  controlling  agency. 

SECTION  NUMBER  - A number  assigned  to  a section  of  a multiple- section  capacitor  to  identify  ail  punched- card  data 

concerning  that  action.  The  sections  are  arranged  according  to  voltage,  with  Section  No.  i being  assigned 
to  the  lowest  voltage  section. 

Sourr?  - Supplied  by  ECIC. 

VII  ELECTRICAL 

TOLERANCE,  PLUS  - The  permissible  plus  deviation  from  the  nominal  value  of  capacitance.  The  units  are  per  cent. 

Source  - Manufacturer'  a rating. 

TOLERANCE,  MINUS  - The  permissible  minus  deviation  from  the  nominal  value  of  capacitance.  The  units  are  per  cent. 

Eor-r cc  * Manufacturer' s rating. 

FBgQUEKCY  RANGE  OF  APPLICATION  - The  frequency  range  over  which  the  capacitor  will  remein  within  its  nominal 
ratings  under  standard  conditions.  The  units  are  cycles  per  second. 

Tyt  Procedure  - ECIC  Test  Procedure  CC-PI,  Paragraph  D-3. 

VOLTAGE  PEAK  - The  rr.oxLr.um  instantaneous  voltage  that  can  be  safely  impressed  ucross  the  terminals  of  a capacitor. 
The  units  are  volts. 

Test  Procedure  - ECIC  Test  Procedure  CC-Pi,  Paragraph  D-S. 

VOLTAGE,  AC  - The  nominal  a-c  voltage  which  c«u  be  safely  and  continuous? ly  impressed  acroes  the  te rminsU  cf  the 
capacitor  over  the  enthc  frequency  ran{je  of  application  under  standard  conditions.  The  units  a::c  volts. 

Test  Procedure  - None  available. 

CIRCUIT  - A schematic  representation  of  physical  relationship  between  the  capacitor  elements  and  Its  terminals. 
ECIC  Cede  No.  24. 

Source  - Manufacturer' s description. 


VOLTAGE  COEFFICIENT  OF  CAPACITANCE  - The  parts  per  million  change  in  capacitance  per  volts  change  in  voltage 
across  the  terminals  of  the  capacitor.  ECIC  Code  No.  25. 

Teal  Procedure  - ECIC  Teat  Procedure  CC-PI,  Paragraph  D-4. 

TEMPERATURE  tOit  fibitWl  OF  CAPACiTAhCn  > The  parts  per  million  c^*egs  ia  capacitance  per  degres  {«suvigr-&d£ 

» _ ~ . i-  . — i _ j _ ».i_  ■»  4 

IU  »«UtpCi'||tUI  t.  «w*w  *:  J.  4-U. 

feat  Procedure  - ECIC  Te??  Procedure  CC-  Pi,  Paragraph  D-2. 


ABSORPl ion  - * he  amount  of  charge  retained  ia  the  capacitor  after  the  d-c  working  voltage  has  been  applisd  for  a 

fixed  r ii»d  of  and  the  capacitor  then  shorted  for  a fi*ed  period  of  tune.  The  uruis  are  micromicro- 

coulotr.l'*. 

Teat  Procedure  - ECIC  Procedure  CC=P!;  Paragraph  D-9. 

DISSIPATION  FACTOR  - The  ratio  of  the  cnerpy  lost  through  leakage  plus  I2R  losses  to  the  energy  retained  in  the 
capacitor.  The  units  are  per  cent. 

Test  Procedure  - ECIC  Test  Procedure  CC-PI,  Paragraph  D-IO. 

ENF.Sat  - Th*  energy  stored  In  n capacitor  of  "O’  mml  capaciliaci  -he*  lie  rstsd  voltage  "V  ia  applied 

across  it.  terminals.  K a capacitor  hat  more  than  one  eectic-n,  the  value  given  is  for  the  section  being 

pourm  - r.ucuiaitfl  bv  ECiC. 
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APPLICATION  DATA  UN  CAPACITORS  TQK  PUWCHSO-CARD  TILE 


1 October  1953 
Ctfd  Nv«  2 


Cbaracteriatica 

Insert  Known 
Data  Hera 

Unit* 

Column 

Number 

Number 

of 

Columns 

Code 

No. 

Value 

Component 

Capacitor 

— _ 

2-3 

2 

i 

CC 

Type  of  component 

4-5 

2 

20 

Vertical-file  brokcAra 

_ — 

6 

i 

21 

Index  code 

_ — 

7-10 

4 

Section  number 

_ — 

n 

1 

VIl  electrical 

Tolerance.  d1u» 

00.  1% 

12-14 

i 

_ _ 

Tolerance,  minui 

00.  1% 

15-17 

3 

„ 

Frequency  range  of 
application 

01.  x 10^'  to 
Oi.  * 11>N  cycles/aec 

18-2? 

6 

Voltage  ?-ak 

0.  1 x lO*1  roll* 

24-26 

3 

„ 

Voltage,  AC 

0. 1 x iO1’  volt. 

21  2.  y 

3 

__  _ 

Circuit 

_ _ 

30 

i 

24 

Voltage  coefficient  o* 
capacitance 

31-32 

2 

25 

Temperature  coefficient 

of  cap-ciiance 

33-34 

2 

26 

Ahiorm.on 

5.  1 K iCN 

35-37 

3 

_ _ 

micromicrocoulombs 

Dissipation  factor 

.01  t iv'-'f, 

38-40 

3 



Eucsgy  <l/2CE^) 

O 

M 

O 

41-43 

i 

.. 

•nic  rowatt-sec 
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ir.structicu  Sheet  for  Application  Data  on  Capacitors  for  Punched- Card  Tile 


(Continued) 


CIRCUIT  INDUCTANCE  - The  a elf- inductance  of  the  c9pacitor.  The  units  «;r*  microhemries. 

Test  Procedure  - None  available. 

CORONA  VOLTAGE  - The  voltage  across  the  terminals  of  the  capacttor  at  which  ionisation  begins  to  occur  in  the 
dielectric.  The  units  are  volts. 

Test  Procedure  - None  available. 


RESONANT  FKJEUUfcwCY  - The  frequency  at  which  the  impedance  between  the  terminals  reaches  a minimum  (or  becomes 
resistive)  value.  The  units  a.*-  cvcles  per  second. 

Test  Procedure  - None  available. 

VOLTAGE  INSULATION  - The  maximum  d-c  vaiu^*>  which  cep  be  impressed  across  the  shorted  terminals  o*  the 
capacitor  and  the  case  before  damage  occurs.  The  units  arc  volts. 

Test  Procedure  - None  available. 

INSULATION  RESISTANCE  - The  resistance  measured  between  the  shorted  terminals  of  the  capacitor  and  the  case.  The 
units  are  megohms. 

Teat  Procedure  - Mic*  dle'ec'ric,  fixed--  JAN-C-5,  Paragraph  F-2e;  air  dielectric,  vsri-blr  — JAN- C- 92, 

Paragraph  F-13;  ceramic  dielectric,  fixed  — JAN-C-20A,  Paragraph  F-8;  ceramic  dielectric  variable  — 
JAri-C-ci,  Paragraph  F-9;  paper  dielectric,  fixed  — JAN-C-91,  Paragraph  F-7;  paper  dielectric,  fixed  and 

scaled  JAN-C-25.  Paraeranh  7-7  ( ...  ^ ^ — • - 

VIH  MECHANICAL 


NUMBER  OF  TERMINALS  - The  exact  number  of  tcrr.lr.?ia  which  extend  from  a capacitor 
SwUI  Ce  - C’ua  civ  Bkiun. 


MOUNTING  METHOD  - Thr  manner  in  which  the  c •nacitor  is  it?  be  attached  to  any  assembly.  ECIC  Code  No.  12. 

Source  - Observation. 

TERMINAL  ARRANGEMENT  - The  surface  through  which  the  terminals  of  th*  c-cpacitor  are  extended.  ECIC  Code  Mo.  *4. 
Source  - Observation. 

IX  MISCELLANEOUS 


OF  SECTIONS  - The  total  number  of  separate  capacitors  in  the  component. 

Source  - Manufacturer’s  description. 


PROj  - This  item  i-.iieatee  whether  or  not  a de/etopment  project  covering  capacitor*  is  in  force. 

iCIC  Code.  No.  2 3. 


Source  - Electronic  Con;por.er.t.  Laboratory.  Wri«hi-?»*te_*ion  Air 
Development  Register. 


Force  Rase,  or  the  Electronic  Components 


QUARTER  ANu  YEAR  - The  d»te  on  which  * c»rd  ie  flrit  prepared  or  coni^Iete'.y  reviewed  and  corrected.  ECIC  Code 
No.  11. 

Source  - Supplied  by  ECIC. 
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APPLICATION  DATA  ON  CAPACITORS  FOR  PUNCHED-CARD  FILE 


Card  No.  Z 
(Continue  d) 


Characteristics 

Insert  Known 
Data  Here 

Units 

Column 

Number 

Number 

of 

Columns 

Code 

No. 

Value 

Circuit  inductance 

0.  1 x 10N 

44-46 

3 

jr>tr  » 

Corona  voltage 

01.  x 10N  volt* 

47-49 

3 

_ _ 

Resonant  freauency 

01.  x 10N  cycles/ »ec 

50-52 

3 

Voltage  insulation 

01.  x 10«  volte 

53-55 

3 

Insulation  resistance 

0.  1 x 10**  megohms 

56-58 

3 

VUI  Mechanical 

Number  of  terminals 

.. 

59-60 

2 

Mounting  method 

61-62 

L 

12 

Terminal  arrangement 

... 

63-64 

2 

14 

IX  Miscellaneous 

Number  o i sections 

.. 

65 

1 

__ 

Project  coverage 

.. 

66 

i 

c 3 

Quarter  and  year 

79-80 

;> 

n 

1 October  1953 


!!>•»( 


ITU* 


C*vd  No  5 


Characteristics 


COMPONENT  - Any  capacitor  that  is  used  in  the  conrtr ucticn  af.  and  becomes  an  Integral  part  of,  electronic  equipment. 
~~  A capacitor  is  a component  which  is  designed  to  »tore  or  Hold  an  electric  charge.  EC!C  Code  No.  ?. 


TYPF.  OF  component  - A division  of  the  E CtC  classification  system  based  on  the  degree  of  adjustability  « the 
capacitor  and  the  dielectric  materials  used  in  i!a  construction.  ECIC  C«d»  Nj.  20, 

Source  - Manufacturer's  description. 


VERTICAL- FILE  BREAKDOWN  - A »ubdivl»ion  ol  th«  ECIC  cU*»lfic»tion  iyt;«T,  or.  the  wcrSting  vcltage  rating  of 

the  capacitor. 

Source  - ECIC  Code  No.  21  and  the  wording  voltage  rating  of  the  capacitor.  This  value  Is  shown  under  Pertinent 
Ratings. 


INDEX  CODE  RANGE  - A set  of  code,  numbers  which  uniquely  identifies  the  cards  pertaining  to  the  capacitors  for  which 
spp! iCSi. v*<  da*a  * ** **  t ■ ~ nna.  r«««  n 

Source  - Issued  by  ECIC  controlling  agency. 


SECTION  NUMBER  - A number  assigned  to  a section  of  a multipiu-teciio*  capacitor  to  Identify  all  punctyed-card  data 

concerning  that  section.  The  sections  are  arranged  according  to  voltage,  with  Section  No.  1 being  assigned 
to  the  lowest  voltage  section. 

Source  - Supplied  by  ECIC. 


T.IFF.r.UR  VE  TOLtHANCto 


The  silstrsb! e .eristics  is 


.((..•rs.ti, 


life  of  the  capacitor  in  tK*  following  life  tests. 
Source  - Supplied  by  ECIC. 


>n  fasisr  of  a capacitor 
The  units  are  per  cent. 


TWU  wbIu*  «l*t*frn{n*;  th»  n ftj  1 


Leaksgc  Resistance  - The  allowable  variation  in  leakage  resistance  oi  a capacitor.  This  value  determines  the  useful 
life  si  the  capacitor  is  the  following  iite  tests.  The  units  are  megohms. 

Source  - Supplied  by  ECIC. 


Capacitance  Change  - The  allowable  variation  in  capacitance  of  a capacitor,  This  value  determines  the  useful  Hie 
of  the  capacitor  in  the  following  life  testa.  The  units  are  per  cent. 

Source  - Supplied  by  ECIC. 


QUARTER  AND  YEAR  - The  date  on  which  a card  ia  first  prepared  '•?  completely  reviewed  and  corrected.  CG1C  Code 
No.  1*1. 

Source  - Supplied  by  ECIC. 


1 
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APPLICATION  DAT*  ON  CAPACITORS  FOR  F UNCHfcU- OAHU  F1CL 


1 October  195J 
Card  No.  3 


Insert  Known 

Characteristics  Data  Here 

Unit. 

Column 

Number 

Number 

of 

Columns 

Code 

No. 

Value 

Component  Capacitor 

.. 

2-1 

2 

1 

cc 

Type  of  component 

4-3 

2 

20 

Vertical- file  breakdown 

6 

1 

21 

Fn^rv  rn^p  r*ro^ 

7-  14 

8 

0 

Section  number 

15 

1 

Life- curve  tolerances 

Dissipation  factor 

. 01  x lO"* 

19-21 

3 

Le.ikaor  resistance 

0.  1 x 10N  megohm* 

22-24 

3 

Capacitance  change 

. 01  x 10N% 

25-27 

3 

Curves:  Life  vs.  altitude 

with  95%  confidence  limits 

Maurs  vs.  Jcsi 

29  7£ 

IS 

__ 

See  be  1: 

Ouarter  and  veir 

-- 

79- B0 

2 

n 

VS,  ALTITUDE  ~”TH  ?«>%  CONFIDENCE  UM1TS 
(ECIC  Test  Procedure  CC-F1,  Paragraph  D-  1) 

Curve:  L*fs  {dissipation  factor)  va.  altitude 

Horizontal  Coordinate:  10",  linear. 

8 values  reported  as  follows: 

4 at  altttuucB  of  25,  000,  50,  000,  75,  000, 

iUv,  you  »*ei  move  sea  level  under  standard  vest 

conditions  in  Columns  29  through  31.' 

4 at  altitudes  ?f  0,  25,000,  50,  000,  and  75,000 
feet  above  sea  level  under  conditions  of  $0  C and 
95  to  1005b  relative  humidity,  in  Columns  33 
through  36. 

Vertical  Coordinate:  7",  4-cycle  logarithmic,  1 to 

10.000  hours.  Use  vertical  scale  of  Rectangular 

Grid  No.  1. 


JO,  nop 


u 

i 


b 

a 

ee 

o 


i L 

o 


10",  linear 


Altitude,  feet 


Use  Confidence  Limit  Scale  No.  4.  P.ecrrd  con/* deuce, 
iimit#  in  Columns  37  through  44. 


(AI  "tindard  conditions) 

Life  vaiuci  __  __ 

Column  No.  29  30  31  32 


(At  50  C and  95  to  100%  relative  humidity) 

Life  values  __ 

Column  No.  33  34  35  3h 


confidence  values  

Column  No  37  M 3Q  40 


Confidence  values  

Colvirre  No.  41  42  43  ^ ^ 


100, ooc 


APPLICATION  DATA  ON  CAPACITORS  SOR  PUNCHED- CARD  FILE 

Card  No.  3 

(Continued) 


Curve:  Life  (leakage  resistance)  v*.  altitude 

Horiaontal  Coordinate:  iCM,  linear. 

t value*  reported  ae  tsilowi: 

4 values  at  25,000,  50,000,  75,000,  and  100,  000 
feet  above  ae*  iwe'i  under  standard  test  conditions, 
in  Cvluuiui  45  through  46; 

4 value*  at  0,  25,000,  50,000,  and  75,000  feet  above 
• ea  level  under  condition*  of  50  C and  95  to  100% 
relative  humidify,  in  Columns  49  through  52. 

Vertical  Coordinate:  7",  4-cycle  logarithmic,  1 to  10,000 
hour*.  Uee  vertical  scale  of  7 x iO  Rectangular  Grid  No.  1. 

lla*  Confide:t'"«  Limit  Scale  hie.  a.  Record  confidence  limit*  in  Columns  55  through  60. 
(At  standard  condition:)  {At  50  C *™!  95  to  100%  relative  humidity) 


Life  values 

Life  values 

Column  No. 

*5 

46 

47 

48 

Column  No. 

49 

50 

51 

52 

Confidence  values 
Column  No. 

53 

54 

55 

56 

Confidence  value* 
Column  No. 

57 

50 

59 

60 

Curve:  Life  (capacitance  change,  %)  ve.  altitude 


Horizontal  Cwwtdinaici  10",  linear. 

3 values  reported  a.  follow*: 

1 ya lu*a  at  7S;(i()();  50.000.  75.000,  ana  IuOawGO 
feet  above  tea  level  under  etandard  teat  condition*, 
in  Caltimn*  61  through  64; 

4 value*  at  0,  2 5,0**,  50,000,  and  75,000  feat  above 
sea  level  under  Cwr.dttiors  of  50  C and  95  to  100% 
relative  humidity,  in  Column*  65  through  68. 

Vertical  Cnerdiae**:  7 ",  4-^ycle  logarithmic,  1 to  10,000 
heurc.  Uii  vtitint!  scale  on  7 s 1*3  D »At»ttoiii*»-  r.ric  nio  1. 


U*e  Confidence  Lim.t  Scale  No.  4. 

(At  etandard  condition*) 

Lif*  value*  _ 

Column  Nc.  61  62  63  64 

Confidence  values  ^ i ^ 
Culuiu^  Me.  Xo  to  7i  72 


Record  confidance  limit*  in  Column*  69  through  76. 

(At  50  C and  95  to  100%  relative  humidity) 

Life  valu**  

Column  No.  63  66  67  68 

CuiiftuitivB  viiuii  

Column  No.  73  ™4  75  76 
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APPLICATION  DATA  ON  l.Ai’AGlTOks  *OK  i'UNCHtu- CARD  FILE 
1 October  1953 
Card  No.  4 




Insert  Known 

i~.- a- 

Units 

Column 
Hs-T.  ; r 

Number 

of 

Ccltimns 

Cod. 

No. 

V»lue 

Component 

Capacitor 



2-3 

2 

1 

CC 

Type  of  component 

4-5 

2 

20 

Y.jrtit^  JU.  bmiaown 

i 

1 

21 

>«4  — w r-nAe  v«n«* 

7-14 

8 

0 

Section  number 

15 

1 

Curves:  Life  vs.  temperature 
wit  ft  V3TS  commence 

Hours  vs.  C 

i?-»o 

60 

. _ 

See  bciow 

Quart,,  aid  ytar 

-- 

79-80 

2 

11 

LITE  VS.  TEMrERATUM  WITH  95%  CONFIDENCE  LIMITS 
(EC.IC  Test  Procedure  CC-Pl;  Paragraph  D-2) 

Curve:  Life  (diiaipansn  is ever)  v».  temperature 

Horizontal  Coordinate:  10",  linear, 

10  values  reported  at  temperatures  of 
-100,  -65.  -35,  0,  25,  5C,  IOC, 

150,  200,  and  250  C,  in  Columns 

!®  tfcrsvjh  2* 

Vertical  Coordinate:  7",  4-cyele  logarithmic,  1 to 
10,  000  hours.  Use  vertical  scale  of  7 a 1C 
Rectangular  Grid  No.  1. 

Use  Confidence  Limit  Scale  No.  4.  Record  confluence 
limits  in  Columns  2?  through  33. 

Lite  viiuet  

Celusnn  No.  19  20  ?7l  22  23  24  25  26  27  28 


10,000 


3 

O 

A 


.L 


.100 


10".  linear 


250 


Temperature,  C 


Confidence  values  ^ _ 

Column  No.  29  iC  31  32  33  34  35  36  37  38 

Curve:  Life  (leakage  resistance)  vs.  temperature 

Horiaohtal  Coordinate:  16;,f  linear', 

in  U*  ]n . « .J 

-100,  -65,  -35.  0,  25,  50,  *00, 

150,  200,  and  250  C,  in  Columns 
1?  through  48. 

Vertical  Coordinate:  7",  4-  cycle  logarithmic,  i l» 
10,000  h-*urs.  Use  vertical  scale  oi  7 x iu 
Rectangular  Grid  Ho.  1, 

U“ - Cu.fidtncc  Limit  Scale  No,  4.  Record  confidence 
v*Li*s  in  Columns  49  through  58. 

Life  values  _ ___  __  _ ^ __  _ 

Column  No.  39  40  41  42  4*  44  43  46  47  <3 

CoiuiG«nce  values  _ _ __ 

Column  No.  49  50  U1  52  55  54  55  56  57  56 


WADC  TR  54-151 


APPLICATION  DATA  ON  CAPACITORS  FOR 


PUNCHED- CARD  FILE 


Curd  No.  4 
(Continued  \ 


Curve:  Life  (capacitance  change,  %)  vs,  temperature 

HC7i.SOr.tli  CvOrd'T'**'*!  in1*.  Iin»sr . 

10  value?  reported  -t  temperature*  of 
-100,  -65,  -35.  0;  25,  50,  100, 

150,  200,  and  250  C,  Ir.  Columnn 
59  through  68. 

Vertical  Coordinate:  7",  i-cycle  logarithmic.  1 te 
10,000  hours.  Use  vertical  scale  of  7 x 10 
Rectangular  Grid  No.  1, 

Use  Confider.ee  Limit  Sc*»e  No.  4.  Record  confidence 
values  in  Columns  09  through  78. 

Life 

Column  No,  59  60  6i  62  63  64  65  66  67  6S 

Coni)d«nce  values  __  __  ___  ___  ___  _ _ ___  ___ 

Column  No.  69  70  71  72  73  74  75  76  77  78 


^8 


W ADC  TR  ^4-  151 


APPLICATION  LATA  ON  CAPACITORS  1 OK  PUMCHXu-CAAD  riLX 
1 October  1953 
Csrd  No.  S 


Characteristics 

insert  Knc-.ro 
Data  Here 

Units 

Column 

Number 

Numlsr 

ox 

Cciumnr 

Code 

No, 

Vsluc 

Comoonent 

Caoacitor 

2-3 

2 

I 

CC 

Type  of  componttit 

4-5 

2 

20 

Vertical- talc  uicMuuwn 

„ 

6 

i 

21 

Index  code  range 

7-14 

U 

0 

Section  number 

IS 

1 

„ 

Cur"es:  Life  vs.  frequency 

with  9*7?  confidence  limits 

Hours  vs.  cyclss 
per  aacnnd 

19-4» 

30 

C>!**vea:  Life  vs.  % r«*»d 

working  voltage  with  95% 
confidence  limits 

Hours  vs.  volts 

49-7* 

30 

&Q9  below 

Quarter  and  year 

__ 

79-40 

z 

i * 

LIFE  VS.  FREQUENCY  WITH  93%  CCHFILENCE  LIMITS 
^ECIC  Test  Proeej-irc  CC-P1,  Piri|rt?u  C-lJ 

Curvr:  Life  (dissipation  factor)  vs.  frequency 

Horizontal  Coordinate:  10",  6-cycle  logarithmic. 

5 values  .sported  at  frequencies  cf  60,  1000, 
100,000,  1,000,000,  and  10,  000,000  cycles  per 
second,  in  Columns  19  through  23. 

if.  —•  I *»»*  i ....I.  t._.  .1st., — J - « a. 

• vuutuauatc.  r , wi«  :u£situiimv|  A tu 

! O nnr  v Tt.  . si  ..l  ./■»..  • « 

* w.  VW*  iswms  V,  tsiM%at  suan  W1  i a tv  i>C  CMgtl* 

jultr  Grid  No.  1. 

Use  Confidence  Limit  Scsk  No.  4.  Record  confi- 
dence limits  in  Columns  24  through  2S. 

Life  values  __  __  __  _ __ 

Column  No.  19  20  21  22  23 

Confidence  values  __  _ _ _ 

Column  No.  24  25  26  27  28 


iO,  000 


c 


u 

3 


£ 


u 

J 


N 


0 

V 


!* 

i f- 

: 

1 A 

4 » — — ■■  - 

60  1 000 


1C".  6-cvcle  logarithmic 


1 00, 000  1 . 000,  000  1 0,  OdC,  00» 


Frequency,  cycles  per  second 


Curve : Life  (leskege  resistance)  vs.  frequency 

Horizontal  Coordinate:  10",  6-cycle  logarithmic.  5 values  reported  at  frequencies  cf  1C,  1CCC,  100,000, 
1,000,000,  and  iu. 000, 000  cyrlec  pet  second,  In  Columns  29  through  33. 


Vertical  Coordinate:  7",  4-cycle  logarithmic,  1 to  10,  CC0  hours.  Use  vertir&l  settle  of  7 x 10 
Rectangular  Grid  N«.  1. 


Use  Confidence  Limit  Scale  No.  4.  Record  confidence  limits  L”  Columns  34  ihro\.**h  34. 

Life  values  ___ 

Column  No.  29  30  31  32  33 


Confidence  values  ___  _ __  

Column  No.  34  35  36  37  38 
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APPLICATION  DATA  On  CAPACIiOrJ  70S.  PUNCHED- CAJtD  FILE 


Carcl  No.  5 

(Continued) 


Curve:  Lil*  (capacitance  change,  %)  ve.  frequency 

Horizontal  Coordinate:  10",  6-cycle  logarithmic.  5 vaiuee  reported  at  frequencies  ol  6C,  1 000. 
100,  900,  1,  000,  000,  and  10,  000,  999  cycles  per  eecond,  in  Column*  39  through  43. 

Vertical  Coordinate;  7",  t-cyclc  1 cgayithsilc,  l ic  19,999  r ? . »»•-  7 y in 

Rectangular  Grid  No.  1, 

U*«  Confidence  Limit  Scale  No,  4 Record  confidence  liznite  in  Column*  44  through  44. 

Life  value  a 

Column  No.  39  eO  41  42  43 

Coctiornce  value*  

Column  No.  44  45  46  47  46 


LIFE  VS.  % RATED  WORKIT'G  VOLTAGE  WITH  95%  CONFIDENCE  LIMITS 
(ecic  t-«  Procedure  CC- Pi,  Paragraph  D-dJ 

10,000 


Curve:  Life  (dissipation  factor)  ve.  % rated  working  voltage 


Horizontal  Coordinate:  10",  linear.  5 values  reported 

at  25,  SC,  \ 00,  159,  and  20 <3%  rated  wo> king  voltage,  in  % 

Column  a 49  through  53.  jg 

Vertical  Coordinate:  4-cycie  logarithmic,  ■ *•*  tv,  vvu  2J 

hour*.  Uee  vertical  ecale  of  7x  10  Rectangular  Grid  No.  I.  J 


1 


Use  Confidence  Limit  Scale  No.  4.  Record  confidence 
liznite  in  Cc-lumne  54  through  56. 

Life  values  

Column  No.  49  50  51  52  53 


Rated  Working  Voltage,  * 


Coa£id=L»ce  vaiuee ^ ^ 

Column  No.  51  31  56  57  56 


Curve:  Life  (leakage  resistance)  vs.  % rat working  voltage 


Horizontal  Coordinate:  19",  linear.  5 vaiuee  reported  at  25,  50,  100,  1 50,  and  200%  rated  working 
voltage,  In  Column*  59  through  63. 


Vertical  Coordinate:  7*',  4-cycle  logarithmic,  1 to  10,000  hour*.  Uea  vertical  ecale  of  7 a 10 
Rectangular  Grid  Nc.  i. 

Uee  Cozuidencs  Limit  Scale  No.  4.  Record  confidence  liznite  In  Column*  65  through  6a. 

Liie  vaiuee  

Column  No.  59  60  61  6?  iZ 


Confidence  vaiuee  ^ 

ColwSA  No.  65  6i  t . o* 


Ciuwe : Life  (capacitance  change,  %)  ve.  % rated  working  voltage 

Horlsontai  Coordinate;  10",  linear,  5 values  re  per  ted  at  25.  50,  iso,  160,  and  2 0c%  rat*  d working 
voltage,  in  Columne  69  through  73. 

Vertical  Coordinate:  7??,  4-<ycie  logarithmic,  1 to  10,009  h«*ure,  Uee  vertical  ecale  on  7 x 10 
Rectangular  Grid  No.  1. 

Uea  Confidence  Lizr.lt  Scale  No.  4,  Record  confidence  limits  la  Column*  74  through  7>, 

Lifr  r-iuee  _ 

C«iUkue  No.  «v  70  7i  Tt  73 

Confidence  valoee  ^ ^ 

Column  No.  74  76  ?6  77  76 
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60 


APPLICATION  DATA  ON  CAPACITORS  ^OP.  PUNCHED- CARD  FILE 


1 CV-'^Lv*  1,SJ 
CArd  No.  o 


Characteristics 

Insert  Known 

Data  Here 

units 

Column 

Number 

Number 

of 

Columns 

Cod* 

No. 

Value 

Component 

Capacitor 

— — 

2-3 

2 

i 

CC 

Tvpe  of  component 

4-5 

2 

20 

Vertical-file  breakdown 

6 

1 

21 

Index  code  ranee 

7-14 

• 

0 

Section  number 

15 

.. 

Curves:  Life  vs.  vibration 
with  95%  confidence  Limits 

Hours  vs.  in. 

19-42 

24 

See  below 

Curves:  Life  vs.  shock  with 
95%  confidence  limits 

Drops  vc.  G' s 

4J-7S 

Ji 

— 

See  below 

Quarter  and  year 

•• 

79-  S5 

2 

1! 

LIFE  VS.  VIBRATION  WITH  95%  CONFIDENCE  UU1TS 
(EC1C  Test  Procsdur*  CC-  P 1 ■ Paragraph  D-s) 

Curve  Lif*  (diaaipatlon  factor)  vr.  vibrstioa 

Horizontal  Coordinaiv:  SO"  Un«ar.  ♦ values 

nperted  at  vibration  amplitudes  of  0.  01,  0.02, 
C.  C4,  and  0.  Ct  isch,  in  Coluwc?  19  *hro«*'«  22. 

Vertical  Coordinate:  7 ",  4-ry*b  loearithmic,  1 
to  10>000  hours.  U«»:  vertical  scale  of  ? x 10 
Rectangular  Grid  No.  1. 

Use  CcsitdtP.ee  Limu  Scale  No.  4.  Record  con- 
fidence limits  in  Columns  23  through  26. 

Life  vainer 

Column  No.  19  20  2*  22 


1 l __ 

0.  01 


10",  linear 


0.  06 


Ccrtfidenee  value#  Vibration  amplitude,  inch 

Column  No.  23  24  25  26 


Curve:  Life  (leakage  resistance)  vs.  vibration 

Horizontal  Coordinate:  !C",  linear.  4 values  ree-rted  at  vibration  amplitudes  of  0.  01.  0.  02;  0.  04, 

and  0.  06  inch,  in  Columns  27  through  oO. 

Vertical  Coordinate:  7M,  4- cycle  logarithmic,  1 to  10,000  hours.  Use  vertical  scale  of  7 x 10  Rectangular 
Grid  Nc.  2. 

Use  Confidence  Limit  Scale  No.  4.  Record  confidence  limits  ir.  Columns  31  through  34. 

Li fe  value  s 

r;pl”i«r  No.  27  2$  29  30 

Confidence  values 

Column  No.  31  32  33  34 


fci 
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APPLICATION  data  on  CAPACITORS  tor  PUNCHPD-CARD  F1L* 


t~m  v/i  Nn  ft 

(Continued) 

Cam:  Lift  fcmcitmt  ch^**.  %)  vb.  vibrtiion 

HorlsoaUl  Coordinate:  10*%  U^ur.  4 value*  r*po»**d  mi  vibration  Amplitudes  of  0.  01,  0.  02,  0.  04, 
am  Z.  06  inch,  1a  Column*  35  through  ji. 

Vertical  Coordinate:  7",  4- cycle  logarithmic,  1 to  10,000  hour*.  Use  vertical  scale  of  7 x 10  nectangular 
Grid  Ho.  1. 

Ua«  Confidence  limit  Scale  No.  4.  Record  coafldenca  limit*  is  Columa*  11  through  4*. 

Life  value*  

Column  No.  35  36  37  31 

Confidence  value*  _ 

nMwm  nT  W 4?  4!  i’ 


LITK  VS._SHOCK  WITH  9»tt  CONfTPJNCS  U.H118 
\auiw  ie*t  procedure  CC-Fi,  F»r»gr»p*»  D-o) 

Curve:  Life  (dissipation  factor)  v*.  ahock  1,000 

Horlaontal  Coordinate:  10",  Uaear.  6 value* 
imported  at  #hoch  i?»t*neitiee  of  2,  5,  10,  20,  40, 
and  70  G'  a,  in  Coluz^s*  43  through  41. 

Vertical  Coordiaato:  7",  3- cycle  logarithmic,  l t- 
i,  00C  irope.  Use  vertical  ncale  of  7 x 10  Rectangular 
Grid  No.  1. 

Uae  C^fiLccc  Limit  Scale  No.  4.  Record  confidence 
limits  in  CaloBibi  44  through  54. 


m,  v«i«f . 

Columa  No.  43  44  4$  44  47  tl 

Shock,  G'  e 

Cifflfllff#*!!  __  __  __  __  __ 

Columa  No.  44  50  31  52  53 


tairve:  Life  (leakage  re  *i  stance)  va.  ehock 

Horiaoaftal  Coordinate:  10",  line*?.  k y«iMI  reported  n!  shock  intensities  of  1,  5,  10,  20,  40,  and 
70  C‘  a,  la  Coiun»B  53  through  60. 

Vertical  Coordinate:  7",  3-cyc'e  logarithmic,  1 to  1,000  drope.  Use  vertical  ecale  of  7 x 10  Rectangular 
Grid  No.  i. 

Uea  Confidence  Limit  Rale  No.  4.  Record  confidence  limit*  in  Column*  61  threush  66. 

LU<  v»h».»  

Column  No.  S3  34  ST  SI  59  40 


fiaifUiwi  rnlMi 

Colum=  N«  41  42  43  44  4S  44 


Curva:  Lif.  (npuiluci  che~;oj  94)  v.,  ike:! 

Horiasnial  Coordinata:  10",  lia.ar,  4 vain*.  ragortad  at  ahoi-4  int.n.ltla.  of  2,  S,  10,  20,  40,  aod 
id  G1  .,  in  Column.  47  72. 

Vertical  Coordinate  7",  S-cycla  logarithmic,  ! •-  !,  »0  i.ift.  Ills  vartical  acala  of  7*10  Rectangular 
Grid  No.  1. 

Ur.  Limit  Scale  Ns.  4.  Record  oonlidar.es  limit,  is  Column.  73  through  71. 

Life  »alu«.  __  

Column  No.  47  41  49  70  71  72 

Coolld^nct  Ttiuea  _ _ __  

Olnma  w*.  7j  j.\  ea  7g  7.  7, 


E 

5 


« l rt 


» L 


10".  lioear 


70 
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APPLICATION  DATA  ON  CAPACITORS  FOR  PUNCHED- CARD  FILE 
1 October  i v S3 
Card  No.  7 


Characteristics 

Inner?  Known 
Data  Here 

Units 

Column 

Number 

Numhe  r 
o 1 

Columns 

Code 

No. 

Value 

Component 

Capacitor 

— 

2-3 

2 

1 

cc 

Type  of  component 

— 

4-5 

2 

20 

Vertical-file  breakdown 

— 

6 

1 

21 

— — — 

Index  code  range 

— 

7-14 

6 

0 

Section  number 

... 

15 

1 

— 

Hours  vs.  pulse 

with  95%  confidence  limits 



type 

19-72 

54 

-- 

See  below 

Curve:  Voltage  peak  vs. 

temperature 

Vclti  vs.  C 

73-76 

* 

— 

See  below 

Quarter  and  yea* 

-- 

7,-80 

2 

11 

LIFE  VS.  PULSE  TYPE  WITH  95%  CONFIDENCE  LIMITS 
(ECIC  Teat  Procedure  CC-P1,  Paragraph  D-?J 

Curve:  Life  (dissipation  factor)  vs.  pul«e  typ* 


1C,  coo 


Horizontal  Ccordii.-de:  List  of  9 pulse  types  reported 
In  columns  as  follows: 

Puiae  Type 

Full  -sine 


Rectangular 
Half  sine 
Triangle 

Clipped  sawtooth 
Symmetrical  trapezoid 
Damped  exponential 
»lne 

Asymmetrical  trapezoid 


u 


Column  No. 

3 

19 

£ 

?.n 

21 

a 

j 

22 

23 

24 

it 

27 

u 

1 


No  scale: 


Vertical  Coordinate:  7",  4-c>clf.  logarithmic,  1 to  10,000 
hours.  Use  vertical  scale  of  7 x 1 0 Rectangular  Grid  No.  1. 


o 

s « 

X X 


■a  7 

§ - 
S -5 
* £ 


a 

b 

H 


<* 

Q 


equally  spaced  list  of  :milcated 
pulae  types. 


us#  Confidence  Limit  Scale  No.  4.  Record  confidence  limits  :in  Columns  28  through  36. 
Lite  values  . 

Column  No.  1?  2C  21  22  23  24  £>  2to  /'i 


Confidence  valugu 

Column  No.  28  29  30  31  32  33  34  35  36 
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APPLICATION  DATA  ON  CAPACITORS  FOR  PUNCHED-CtfiD  FILE 
Card  No.  T 
(Continued) 


Curve:  Life  (leakage  resistance)  vs.  pulse  type 

Horizontal  Coordinate:  List  of  9 pulse  types  reported  in  columne  as  follows: 


Pulse  Type 

Full  sine 
Rectsngular 
Half  sine 

Triangle 

Clipped  sawtooth 
Symmetrical  trapezoid 
Damped  exponential 
Fractional  sine 

A> y ”rr. trapezoid 


Column  No. 
37 
3B 

39 

40 

41 

42 

43 

44 

45 


Vertical  Coordinate:  7'%  4-cycle  logarithmic;  > to  10,000  hours..  Use  vertical  seal#  of  7 a 10 
Rectangular  Grid  No.  1. 

Use  Confidence  Limit  Scale  No.  4.  Record  confidence  limits  in  Columns  44  through  tV4. 


Life  values 
Column  No. 


37  38  39  40  41  42  43  44  45 


Confidence  values 

Column  No.  46  47  48  49  50  51  52  53  54 

Curve:  Life  (capacitance  change,  %)  vs,  pulse  type 

Horizontal  Coordinate:  List  of  9 pulse  types  r-^orded  iji  tvl'iirr?  *•  "olloWs; 


Full  nine 

55 

Rectangular 

5b 

Haii  sine 

57 

Triangle 

5£ 

Clipped  sawtooth 

59 

Symmetrical  trapezoid 

60 

Damped  exponential 

61 

Fractional  sine 

wz 

Asymmetrical  trapezoid 

63 

Vertical  Coordinate:  7",  e-cycle  logarithmic,  1 to  iO,  002  hours.  Uee  vertical  scale  of  7 at  10  Rectangular 
Grid  No.  1. 

Use  Confidence  Limit  Scale  No.  4.  Record  confidence  limits  in  Column*  64  through  72. 

l ife  values  __  

Column  No.  55  5v  57  5$  59  60  61  62  63 

Confidence  vuluuw  ___  

Column  No,  64  65  66  67  66  69  70  71  72 


Confidence  vuluu 
Column  No. 


VOLTAGE  PEAK  VS,  TEMPERATURE 
(ECIC  Test  Procedure  CC-Pl,  Paragraph  D-8) 


Horizontal  Coordinate:  10",  linear.  4 values 
vsported  et  temperatures  of  -40,  25,  7 5,  and  150  C, 
in  Column*  73  ihrsugh  76- 


Vertical  Coordinate:  7",  4-cycle  logarithmic, 

I to  10,  000  volts.  Us*  vertical  ecale  of  7 x 10 
Rectangular  Grid  No  1. 


Column  No,  7S  74  75  76 


rtr  a /-*' 
rV  /a  u\^ 
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PROCUREMENT  DATA  SHEETS 
FOR  CAPACITORS 


WaDC  TR  3-4  - \ 5 i 


fcS 


ikaractfcfUtic* 


fzr  r^t  q— n<-.  «.  r..  nu 

I October  ifi: 

Cera  r 


I GENERAL 


COMPONENT  - Any  capacitor  tlut  it  s«id  ia  t!*«  tyiitiiracHM  of.  ii4  btcomn  aa  iattfva)  port  of,  elect/oalc  squipmsat. 
A capacitor  Ia  • compoatst  which  ia  da  si  .mad  to  otora  or  hold  electric  charge.  ECIC  te4a  No.  I. 


TYPE  Of  COMPONENT  - A itiviairr.  zt  the  ECIC  classifies*#*  system  based  oa  tfcu  degree  cf  adjust  ability  of  tha 
capacitor  ari  Ui  dialect  vie  anatortaia  used  in  ita  ceaairvcuoa.  £CK.  Coda  No.  20. 

Source  - Manufacturer* a description 


VERTICAL- FILE  - A subdivision  of  tha  ECIC  classification  ayatam  Wa*d  on  tha  workiag  voltage  ratiag 

of  tba  capacitor. 

Source  - ECIC  Coda  No.  !'■  bow  ;U  .v/king  voltage  rating  of  tha  capacitor^  Thia  raise  la  shawm  under  Partimaat 
Ratings. 


CODE  - A cr.dc  -rhirh  eritpe'y  *•*•••!€**•  nr  *f  cards  Mruiaiat  to  sat  ceaacitor.  ECIC  Cods  Nc. 

Source  - Issued  by  toe  ECIC  coatrolling  agancy. 

MANUFACTURER  - Tha  etna  of  tha  firm  which  manufacturer  tha  capacitor.  ECIC  C '-*4+  No.  2. 

SPECIFIC  ATKINS  - A da  a i gnat  ion  of  toe  specifications  tha  capacitor  baa  paaaad  ia  a maaaar  acceptable  to  -giacy 
iaauiag  tha  spacificattooa.  ECIC  Coda  No.  22. 

3 pure  a - Manufacturer*  a data.  MIL,  JAN,  ar  ether  e pacifications. 

U PERTINENT  AATING6 

CAPACITANCE  «•  Tha  nominal  capacitance  ralsa  of  tha  capacitor.  Capacitaact  ie  tha  ratio  of  charga  to  voltage,  Tha 
units  ara  mlc  romlc  rnfa  rada. 

Source  - s*Snui«ciurvr'  ■ rmi'iDt. 

WORK  two  vuH'AOI  - Tha  nominal  d*c  scrhlng  voltage  which  can  be  aafely  and  c continuously  impresses  across  the 
capacita*  Ur  miosis.  Th*  units  ora  volte. 

Source  - Manufacturer  * a rating. 


SECTION  NUMBER  - A number  assigned  tr  a section  of  a multiple- section  csptcl?**  to  id*nt«iy  aii  yi,«?k!?d.rsN  data 
rones  ruing  tba?  ?•<»>«*>  The  section*  ara  arranged  according  to  voltage,  with  Section  No.  I being 
assigned  to  the  leer***  Ht?;* 

Source  - Supplied  hy  ECIC. 

Ill  ASSIGN F.P  NUMBERS 


MFCS  TYKE  NUMBER  - Tha  number  assigned  by  tha  »*r  tn  usiqusly  idrstify  a marticular  class  of  capacitor* 

Scarce  — asBatuatiutci'  ■ data. 


MFO»S  PART  NUMBER  - The  number  tr*iy?d  by  the  manufacturer  to  uniquely  identify  a particular  capacitor. 
jpm  l«  - Idar^^Xacta. « * ’ s data. 

A.  y,  STOCK  NUMBER  - The  number  assigned  by  tha  Ai.-  Force  to  identify  a capacitor  us  to  capacitance  and  workiag 
voltage. 

Source  - l/.  S.  Air  Tores. 


A.  r . CLASS  NUMBER  - Tha  Dumber  assigned  by  tba  Air  F«r c«  ts  identity  capacitor*. 

Source  - S.  Air  Force. 

IV  MISCELLANEOUS 

APPROVAL  TYPE  - The  type  of  approval  granted  to  tba  capacitor,  ECIC  Coda  No.  1? 

Source  - Electronic  Components  Laboratory,  bright -Patter so©  Air  Force  Base. 

U.VTE  SAMPLE  SUBMITTED  - T*-  dai#  on  which  th.  capacitor  sample  ta  --U.Attcd  for  teat.  ECIC  Coda  No.  li. 
Source  - Electronic  Components  Laboratr-y,  w right- Pr.Uaraon  Air  Forcu  Base. 

DATE  CERTIFIED  TEST  DaTa  SUoMiTTFP  - Tba  cuts  on  which  tha  teat  data  on  a capacitor  a/a  submitted.  r.CIC 
Code  No.  1 1 . 

Source  - Electronic  Component*  i.ih.>r*tftry,  Wright -Patter so.-  V_r  Force  Baa* 

DATE  APPROVED  - Tha  date  oo  v/hicn  tha  capacitor  ta  approved.  ECIC  Code  Nv.  I i. 

Source  -Elactrooic  Corapoocnta  L*boratory,  Wrigb*-i>B«#r»m»  Air  Force  Bass. 

DATE  DISAPPROVED  - Tha  data  on  wStch  the  capacitor  la  disapproved.  EC.ZC  Coda  No.  11. 

Source  - Eject  rattle  Comooncnts  Laboratory.  Wright- Patter  son  Air  Force  Base. 

COST  PER  UNIT  - Tha  approximate  cos*  per  individ^il  capacitor. 

Sfxirr#  - Mr  nufactur sr  ’a  data.. 

QUA..1*  Thill  AND  Y EaR  - The  dete  o»»  whU  n - card  is  first  prepared  or  comolataiy  rC.Uwad  i?.d  “Crrr'ited.  ECIC 
Cods  No.  11. 

Scurca  -Supoliad  by  ECIC. 


WADC  1 R S4-  151 


DO 


WADC  i R 54*- 151 


I October 


Card  S 


Chsract-rietics 


COMPONENT  - Any  capacitor  that  is  tiled  in  the  construction  of,  and  becomes  is  integral  part  of,  electronic  e^P7^**1** 
A capacitor  is  • component  which  is  designs  to  store  or  hold  an  electric  charge.  ECIC  Code  No  i. 

TYPE  OF  COMPONENT  - A division  of  the  ECIC  classification  system  based  on  the  degree  of  adjusiVuility  of  the 
capacitor  and  the  dielectric  materials  ueed  in  its  construction.  ECIC  Code  No.  20. 

Source  - Mtnuucturer:  i description. 

VERTICAL- FILE  BREAKDOWN  - A subdivision  of  the  ECIC  classification  system  based  on  the  working  vopsge  rating 
of  the  capacitor. 

Source  - ECIC  Code  No.  2i  and  the  working  voltage  rating  of  the  capacitor,  Thia  value  is  shown  under  Pertinent 
Ravings. 

INDEX  CODE  - A code  which  uniquely  identifies  the  card  or  set  of  cards  pertaining  to  one  capacitor,  ECIC  Cede  No.  0. 

Source  - Issued  by  the  ECIC  controlling  agency, 

MANUFACTURER  - The  name  of  the  firm  which  manufactures  the  capacitor.  ECIC  Cod*  No.  2. 

SPECIFICATIONS  - A designation  of  the  specifications  the  espsritor  has  pasecd  in  a manner  acceptable  to  the  agency 
issuing  the  specification*.  F-CTC  Code  No.  21. 

Source  Manufacturer' s data,  MIL,  JAN,  or  other  specifications. 

CAPACITANCE  RANGE  - The  rer.-e  of  capacitance  values  for  ^hich  the  application  dsta  are  summarised.  The  unit? 
arc  mic  romicrofaradt:. 

•**<?’*""*  - a ratine. 

WORKING  VOLTAGE  - The  nominal  d-c  working  voltage  which  vtt  be  eafely  and  continuously  impressed  across  the 
capacitor  terminals.  The  units  are  volte. 

S sure  g - Manufacturer' s rating. 

TOLERANCE,  PLUS  - The  permissible  plus  deviation  from  the  nominal  value  of  capacitance.  The  units  are  per  cent. 

Source  - Manufacture**  • :.tir.g. 

TOLERANCE.  MINUS  - The  permissible  rr.inu*  deviation  from  the  nominal  value  of  capacitance.  The  units  are  per  cent. 

Source  - Manufacturer' s rating. 

MINIATURIZATION  RANGE  - The  raoge  of  miniaturisation  values  of  the  capacitors  for  whi-.'c  inc  application  data  are 
summarised.  The  unite  are  micromicrowatt-esc/O.  001  inch. 

Source  - C*  -»'lated  by  FCIC. 

WEIGHT  RANGE  - The  range  of  weights  of  the  capacitors  for  which  the  application  data  are  summarised.  The  units  are 
milliounccs. 

Source  - Direct  measurement. 

FUNGUS  INERT  - The  treatment  ot  the  capacitor  *g*m*t  fungus.  ECIC  Code  No.  S. 

Test  Procedure  - MIL-E-5272,  Paragraph  4.  S, 

COP.?.OS!Q?-  ?.  T-3 T A N C T-  - The  corrosion  resistance  of  the  capacitor.  ECIC  Code  Nc.  6. 

Test  Procedure  - MIL-STD-202,  Method  101, 

MAXIMUM  AMBIENT  TEMPERATURE  OPERATIVE  - To?  mskuiiuiii  sustabiod  SJrbUnt  temperature  ic  wUrh  ■ eao«ci*or 
can  br  subjected  when  not  in  operation,  then  be  «a«.f  fflssd  snd  operated  within  ail  specification  limits. 

Source  - ECIC  Test  Procedure  CC-P1,  Paragraph  D-2  The  maximum  temperature  for  which  operating  life  is 
1000  v * 

MINIMUM  AMBIENT  TEMPERATURE  OPERATIVE  - T5w  minimum  ,u.»ir—i  = snpa-ltsr 

c.c  be  .ubj.ct.d  whs:  not  la  op.r.tlon,  than  b.  .n.rfi.id  and  op.r.t.d  within  all  cp.cliicaiion  limits. 

Sc*: - ECIC  T..t  Procedure  CC-P1,  Paragraph  D-2.  The  minimum  temperature  tor  which  operating  life  i. 
i 000  hour.. 
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SUMMARY  IN FORM>  TION  ON  CAPACITORS  FOR  PW'HSD-CARD  FILE 


1 October  1953 
Card  S 


Characteristics 

Insert  Known 
D?ta  Here 

Units 

Column 

Number 

Number 

ci 

Cclumns 

Code 

No. 

Value 

Component 

Capacitor 

i- 3 

2 

1 

cc 

Type  of  component 



4-S 

2 

20 

Verti*‘»*-f>l*  breakdown 

_ _ 

6 

1 

21 

Index  code 

7-14 

8 

0 

Manufacturer 

_ _ 

15-18 

4 

2 

Specifications 

„ 

19-22 

4 

22 

Capacitance  range 

so.  1 - 10N 

23-50 

8 

mi  c : crr.ic  r of  ar  ad  *, 

Working  voltage 

0.  1 X loN  volts 

w 

i 

w 

ui 

3 

Tolerance,  plus 

00.  1 * 

54-36 

3 

.. 

Tolerance-  r^inue 

Aft  i mi 

WV  1 1 f% 

37-39 

3 

_ _ 

• 02  x 1 eN  m* c r crr.ic 

4O.4Q 

4 

.. 

watt-sec 
Ca  Owi  in*  - 

Weight  range 

.01  x ION  milliouncea 

46-51 

6 

.. 

Fungus  inert 

_ _ 

54 

1 

5 

Corroaioa  resistance 

_ _ 

55 

1 

6 

Msr.imum  * — t 

temperature  operative 

P/N  00 1 . C 

56-59 

<4 

Minimum  ambient 
temperature  operative 

p/m  ooi.  c 

60-63 

4 
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Instruction  Sheet  for  summary  uata.  on  Capacitors  for  Punched-Card  File 

Card  S 
(Continued) 


Characteristics 


MAXIMUM  AMBIENT  TEMPERATURE  NONOPERATIVE  - The  maximum  sustained  ambient  temperature  to  which  a 
capacitor  may  be  subjected  when  r.ot  in  operation*  and  from  which  the  capacitor  may  be  returned  to  it* 
normal  operating  temperature  range  and  then  be  operated  within  all  specification  limits. 

Source  - ECIC  Test  Procedure  CC- PI,  Paragraph  D-2d.  The  maximum  storage  temperature  for  which  shelf  and 
operating  lives  are  iOOO  hours. 

MINIMUM  AMBIENT  TEMPERATURE  NQNQPER  AT1VE  - The  minimum  sustained  ambient  temperature  to  which  a 
c«p«citor  may  be  subjected  when  ret  ir.  operation,  and  from  which  the  capacitor  may  be  returned  to  it? 
norma)  operating  temperature  range  and  then  be  operated  within  ai/.  specification  limits. 

Source  - ECIC  Test  Procedure  CC-P1,  Paragraph  D-2d.  The  minimum  storage  temperature  for  which  shelf  and 
operating  lives  are  1000  hours. 


HUMIDITY  - This  refers  to  whether  or  not  the  capacitor  has  passed  the  humidity  specifications  of  MJL“STD-202. 
EClC  Code  No.  7 . 

Source  - MIL-STD-202,  Method  103. 

ALTITUDE  - This  refers  to  whether  or  not  the  capacitor  has  passed  the  a>ti~uoe  specifications  of  MXL-*5l'JL)-2v2. 
ECZC  Code  Nc.  B 

Source  - M1L-STD-202,  Method  105. 

VIBRATION  - This  refers  to  whether  or  not  the  capacitor  has  passed  the  vibration  specific ationa  of  M1L-STD-202, 
ECIC  Code  No.  9. 

Source  - MIL-STD-2G2 , Method  201. 

SHOCK  - This  refers  to  whether  or  not  the  capacitor  hat  passed  the  shock  specifications  of  MIL-STD-202.  ECIC 
Code  No.  10. 

Source  - MIL -$TD- 202,  Method  202. 

SERVICE  LIFE  - The  operating  life  in  service  that  can  be  expected  of  a capacitor  under  normal  operating  conditions. 
The  units  for  service  life  are  hours. 

Test  Procedure  - ECIC  Test  Procedure  CC-P1,  Paragraph  D-2.  Life  data  obtaiued  at  25  C Indicate  the  service 
life  of  tht  capacitor. 

QUARTER  AND  YEAR  - The  date  on  which  a card  is  first  prepared  cr  completely  reviewed  and  corrected.  ECIC 
Code  No.  11. 

flource  - Supplied  by  the  ECIC. 
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ECIC  TENTATIVE  TEST  PROCEDURES  FOR  CAPACITORS 


PROCEDURE  CC-Pi 


INTRODUCTION 


T!i;  purpcic  --  those  test  procedure*  i*  to  establish  uniform  methods  for  obtaining  the 
ECIC  data  on  capacitors. 

Wherever  possible,  the  ECIC  test  procedures  are  referenced  to  existing  JAN  and  MIL 
specifications;  however,  in  many  cases,  these  specifications  da  not  contain  provision*  far 
obtaining  the  life  data  included  ir.  the  ECIC  files.  Where  such  conditions  prevail,  the  military 
specifications  have  been  used  as  a basis  and  the  test  has  been  extended  to  include  such  life 
data.  A recommended  test  procedure  has  been  written  in  some  instances  in  which  no  military 
specification  exists  for  obtaining  data  under  some  particular  operating  condition. 

The  life  teats  on  capacitors  include  the  effects  of  environmental  and  operating  conditions 
on  throe  of  the  capacitor  characteristics;  namely,  dissipation  factor,  leakage  resistance, 
and  capacitance  change  (in  per  cent).  Depending  on  the  intended  application  of  the  capacitor, 
ax.}  vut  or  more  of  these  characteristics  might  determine  the  choice  of  a particular  capacitor. 


A.  APPLICABILITY 

A.-l.  These  test  procedure*  apply  to  all  capacitors  suitable  lor  use  ir.  Electronic  equip 

xnent. 

3.  STANDARD  TEST  CONDITIONS 

B-l.  Normal  Room  Ambient  Conditions 
B-ia.  Temperature  - C. 

B-lb.  Barometric  Pressure  - 50  i 2 inches  of  mercury. 

3-Ic.  Humidity  - Lees  than  5C  per  cent. 

B-2,  Tolerances  - Unless  otherwise  indicated,  the  maximum  allowable  tolerances  on 
test-condition  measurements  shall  be  s;  follows: 

B- 2a.  Temperature  - Plus  or  minus  2 C. 

R-2t>.  Altitude  - Plus  or  minus  5 per  cent. 

B~2c.  Humidity  = Pius  or  minus  5 per  cent  relative  humidity. 

B-3.  Instruments  - The  maximum  permissible  error  of  measurements  during  this  test 
shad!  not  exceed  § per  cent  or  one  -quarter  of  the  tcie r;:.?-,  whichever  is  smaller. 

B-«l.  Number  of  Samples  - Samples  for  testing  purposes  shall  be  chosen  as  follows: 
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1.  liivi,  fixed  JAN-C-S  Paragraph  F-3b. 

2.  Paper,  fi>:«d  - JAN-C-91,  Paragraph  F-3a. 

3.  Paper,  fixed  and  hermetically  sealed  - TAN-C-25,  Paragrapn 

4.  Ceramic,  fixed  - JAN-C-2GA,  Paragraph  F-?5b. 

3.  Ceramic,  variable  - Jati-C-81,  Paragraph  F- 17b. 

6.  Air,  variable  - JAN-C-9£>  Paragraph  F-  14c. 

7.  Dry-electrolytic  - JAN-C-62,  Paragraph  F-  3s. 

B_5.  Test  Intervals  - All  testa  iviuat  be  repeated  when  a manufacturer  makes  any  change 
in  production  methods  or  muterials  which  may  affect  the  characteristics  of  the  capacitors 
significantly.  In  any  case,  camples  based  on  the  production  rats  ere  periodically  subject  to 
visual  and  mechanical  tests,  as  well  as  tests  for  capacitance,  dielectric  at.-e.igti.,  insulation 
resistance,  Q,  and  capacitance  drift. 

B-6.  Measurements  for  Curve-Type  Data  - A number  of  pointe  have  been  suggested  at 
which  values  for  curve-type  data  are  to  be  measured,  in  many  cases,  experience  may  indicate 
fewer  measurements  are  sufficient;  only  enough  points  need  be  taken  to  determine  the  curve 
between  the  indicated  test  limits. 

B-7.  Confidence  t.inriits  - Estimate  95  per  cent  confidence  limits  for  the  average  values  by 
the  method  given  in  the  following  reference:  Brownlee,  K.  A.  , .Industrial  Experimentation, 
Chemical  Publishing  Company,  Brooklyn,  New  York,  Third  Edition,  1949. 

B-8.  Methods  of  Measurement 

B-S»,  Capacitance  and  Dissipation  Factor  - These  measurements  will  be  road- 
using  a suitable  bridge  network  with  a teet  frequency  of  one  kilocycle  or 
one  megacycle  per  second,  according  to  Paragraph  D-lOb.  A Wagner 
Ground  guard  circuit  wiii  We  attached  to  the  bridge  circuit  to  facilitate 
virtually  errsr-free  measurements  of  capacitor  characteristics  in  a 
chamber. 

B-Sb.  Pea-age  Re-istar.ce  - This  measurement  -a ill  We  i.-.ade  using  the  salvsnomfler- 
voltmeter  method  with  a guard  attachment  described  in  the  ASTlvii 
Designation  D 257-49T.  The  test  voltoge  will  be  500  volts  or  the  direct 
working  voltage  of  the  capacitor,  whichever  is  smaller.  The  test  potential 
mull  be  applied  for  one  minute.  A flashover  or  breakdown  occurring 
during  this  measurement  will  constitute  a capacitor  failure  in  a Hf i;  test. 

B-8c.  Q - Measurement  of  O shall  be  mud*  at  a frequency  of  one  megacycle  by  7,he 
use  of  an  instrument  involving  a source  of  measured  power  at  that 
frequency  ind  i series- resonant  circuit  with  a vacuum-tube  voltmeter 
connected  across  the  capacitive  section  of  the  circuit. 

C.  PRELIMINARY  TESTS 

C-i.  Yuutl  and  Mechanical  Inspection  - Capacitor  samples  shall  be  inspected  to  verify 
that  their  workmanship,  construction,  marking,  and  physical  dimensions  are  in  ac-tc  "dance 
with  the  applicable  requirement*  and  drawings. 
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D.  TEST  PROCEDURES 


Om  ral 

The  ueeful  life  of  s.  capacitor  may  be  dafinad  a*  the  point  at  'srhich  the  dissipation  factor, 
leakage  resistance,  av.d  capacitance  exceed  the  respective  tolerances  under  which  the  life  teat* 
are  conducted.  Depending  on  ihe  type  of  capacitor  and/or  its  intended  application,  an  excessive 
variation  in  any  one  or  all  three  01"  the  above  characteristics  may  govern  the  acceptance  or 
rejection  of  the  capecitor.  Therefore,  in  conducting  life  »*sts  an  capacitors,  measurements 
shall  be  made  at  each  environmental  point  ox  the  dissipation  factor,  leakage  resistance,  and 
capacitance;  in  reality,  meo.surornsnts  of  these  (^utetitist  throughout  the  range  ox  environmental 
conditions  will  determine  three  curves  indicating  the  life  of  the 

In  defining  the  conditions  under  which  life  test*  are  made,  the  allowable  variations  or 
tolerance;  on  dissipation  factor,  leakage  resistance,  and  capacitance  must  be  furnished.  The 
allowable  tolerance  is  dependent  on  the  type  of  capacitor  being  tested  and  on  its  intended 
application.  The  ECIC  shall  furnish  the  tolerances  under  which  the  tests  are  to  be  conducted. 

D-l.  Life  Versus  Altitude  With  95%  Confidence  Limits  (MIL-STD-Z02,  Method  105). 

P-la.  Mounting  - Capacitors  shall  be  mounted  in  suitable  sample  holders  by  means 
of  soldered  connections  or  by  the  usual  mounting  hardware  supplied  with  the 
capacitor.  The  capacitors  under  test  shall  be  so  arranged  that  each  is  at  the 
same  approximate  elevation  as  the  other  and  the  temperatuxe  of  one  capacitor 
is  not  affected  by  that  of  another.  At  least  12  inches  shall  separate  the 
capacitors  and  any  wall  or  enclosure.  There  shall  be  no  u.>due  draft  over 
the  capacitors. 

D-  lb.  Test  Method  - 


D-ib(i),  Step  I,  Initial  measurements  of  the  capacitor's  characteristics 
(dissipation  factor,  leakage  resistance,  and  capacitance)  shall  be 
made  prior  to  starting  the  test.  The  capacitor  samples  shall  be 
placed  in  a suitable  altitude  chamber  in  which  standard  conditions 
of  temperature  and  humidity  can  be  maintained.  The  capacitor 
shall  be  subjected  to  an  absolute  pressure  of  11.  1 inches  of 
mercury  (corr e spending  to  an  altitude  of  25,000  feet  ebove  sea 
level)  and  rated  working  voltage  shaii  be  applied.  Measurements 
of  the  capacitor*  s characteristics  shall  be  conducted  at  intervals 
cf  2d  hours  while  the  *"»  under  test.  Ostrstics  ind 

measurement  shall  continue  until  such  measurements  incicaic  the 
capacitors  have  exceeded  the  allowable  tolerances  for  all  three 
measures  of  life  (dissipation  factor,  leakage  resistance  and 


D-lbfitod.  Step  11  to  Step  IV.  Repeat  Paragraph  D-lb(l)  with  different 

capa---. tor  samples,  using  internal  chamber  pressure*  of  2.4, 

1.0,  and  0.  31  Inch  of  mercury  (corresponding  to  altitudes  of 

50.000,  75,000,  end  100,  000  feet  above  er*  level),  respectively. 

D-lbp  to  3).  Step  V to  Step  VXtt,  Repeat  Paragraph;.  D-lb(l  to  4)  with  different 
cape.sitsr  samples.  Each  test,  however,  shall  be  conducted  with 
internal  temperature  and  humidity  conditions  of  50  C (122  F)  and 
t5  to  ISO  per  cent  relative  humidity.  Conduct  testa  at  pressures 
corresponding  to  0,  25,000,  50,000,  and  75,  000  feet  above  sea 
level. 
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D-lc. 


Recording  of  Data  - Life  in  hours  shall  be  recorded  as  a 
function  of  altitude,  with  failure  indicated  as  the  point  at 
which  the  allowable  tolerance  is  exceeded  for  dissipation 
factor,  leakage  resistance,  or  change  in  capacitance. 

£>_2.  Life  Versus  Temperature  With  955»  Confidence  Limits  (MI L-STD- 202,  Method  102), 
D-2a.  Mounting  - See  Paragraph  D-la. 

D-2b.  Test  Method  - 

D-2b(l),  Step  I,  Prior  to  starting  the  test,  the  capacitor  character- 
istics (dissipation  factor,  leakage  resistance,  and  capaci- 
tance) shall  be  measured  under  standard  conditions.  Then 
the  capacitor  samples  shall  be  placed  in  a suitable  test 
chamber  maintained  at  standard  altitude  and  humidity 
conditions  and  shall  be  subjected  to  s temperature  of  -100  C 
(-148  F)  for  a period  of  6 hours.  At  the  end  of  this  period 
and  at  the  same  temperature,  the  capacitors  shall  be  operated 
under  rated  conditions  and  their  above  characteristics 
measure!  at  12-hour  intervals.  The  cycle  of  operation  and 
measurement  shall  continue  until  the  total  elapsed  op-rating 
time  equals  1000  hours,  or  until  measurements  indicate  the 
capacitors  have  exceeded  their  allowable  tolerances. 

D- 2b(2  to  10),  Step  II  to  Step  X,  Repeat  Paragraph  D-Zb(l)  with  different 
capacitor  samples  using  temperatures  of  - 65  C (-85  F), 

-35  C (-31  F),  C C (32  F),  25  C (T7  F),  50  C (122  F>, 

100  C (212  F),  150  C (302  F),  200  C (392  F),  and  250  C 
(482  FJ,  respectively, 

D-2c.  Recording  of  Data  - Life  in  hours  shall  be  recorded  as  a 

function  of  temperature,  with  failure  indicated  as  the  pcitit 
at  which  the  allowable  tolerance  is  exceeded  for  dissipation 
factor  , 1“ — e-ists— — c,  or  change  in  i.ap«cu«iicc, 

D-2d.  Operative  and  Nonoperative  Conditions  - Operative  lift,  data 

shall  he  obtained  from  .he  test  described  above,  Nonopcriiive 
life  data  shall  be  obtained  under  much  the  same  conditions; 

hOW€V€?  i of  ranstr  ttor  _ i ♦ m 

must  be  returned  to  its  standard  value.  Date  obtained  at  £5  C 
indicate  the  shelf  life  at  the  capacitor, 

D-3.  Life  Versus  Frequency  ‘wish  9536  Confidence  Limits 
D~3a.  Mounting  - See  Paragraph  D-ia, 

0-3b.  Test  Method  - 


0-3b(l».  Step  I.  The  capacitor  samples  mail  be  operated  at  rated 
working  voltage  under  standard  ambient  conditions  (see 
Paragraph  R-l).  The  voltage  shall  be  supplied  bv  a signal 
generator  having;  a 60-cycic-per- second  sinusoidal  output. 

Ai  the  start  or  me  test  and  at  periodic  intervals  thereafter, 
the  characteristics  (dissipation  factor,  leakage  resistance, 

-'nd  capacitance)  of  the  capacitors  shall  be  measured.  The 
ic't  -hall  continue  ’inder  these  conditions  until  measurements 
indicate  th-  capacitors  nave  exceeded  their  allowable  tolerance- 
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D-3b(2to5j.  Step  II  to  Step  V.  Repeat  Paragraph  JD-3b(i)  with  different 
capacitor  samples  using  test  frequencies  of  1000.  iOO,  00C 
1, 000,000,  and  10,000,000  cycles  per  second,  respectively. 

D-3c.  Recording  of  Data  - Life  in  hours  shall  be  recorded  as  a 

function  of  frequency,  with  failure  indicated  as  the  point  at 
which  the  allowable  tolerance  is  exceeded  for  dissipation 
factor,  leakage  r*«i«tsnce,  or  change  in  capacitance. 

D-4.  Life  Versus  % Rated  Working  Voltage  With  '15%  Confidence  Limits 

12 -4m.  Mounting  - See  Paragraph  D-  la. 

D-4b.  Test  Method  - 

D-4b(i).  Step  I.  Rated  working  voltage  «hs.)  he  impressed  across  the 

capacitor  terminals;  the  test  shall  he  carried  out  under  standard 
test  conditions  (see  Par agrapn  B-i).  Measurements  of  the 
capacitor  characteristics  (dissipation  factor,  leakage  re- 
sistance, and  capacitaiico)  shall  he  made  at  the  start  of  the  test 
and  at  periodic  intervale  thereafter.  The  test  shall  continue 
until  measurements  indicate  the  capacitor  no  longer  meets  the 
allowable  tolerances. 

D-4b(2to5).  Step  II  to  Step  V.  Repeat  Paragraph  D-4b(l)  with  different 
capacitor  samples  using  rated  working  percentages  of  25, 

50,  150,  and  200,  respectively. 

D-4c.  Recording  of  Lata  - Life  in  hours  shall  be  recorded  as  a 
function  of  working  voltage,  with  failure  indicated  as  the 
point  at  which  the  allowable  tolerance  is  exceeded  for 
dissipation  factor,  leakage  resistance,  or  change  in 
capacitance, 

D-v  Life  Versus  Vibration  With  95%  Confidence  Limits  (MIL-STD-202,  Method  201). 


D-S»t  Mounting  - See  Paragraph  D-la. 


D- 5b.  Vest  Method  - 

D-'5b(l).  Step  I.  The  capacitor  samples  shall  be  mounted  in  the  position 
most  likely  to  produce  the  severest  results  from  vibration. 

Prior  to  the  start  of  the  test,  the  characteristics  (di  5 sipwtion 
factor,  leakage  resistance,  and  capacitance)  sh  all  be  measured 
under  standard  conditions.  Then  the  capacitors  shall  be 
subjected  to  a simple  harmonic  motion  having  an  amplitude  of 
0.01  inch;  the  frequency  of  vibration  shall  be  varied  uniformly 
between  the  approximate  limits  of  10  and  55  cycles  per  second. 
The  entire  frequency  range  from  10  to  55  cycles  per  second  and 
return  shall  be  traversed  in  approximately  one  minute.  The 
entire  test  shall  be  performed  under  standard  icii  conditions 
(see  Paragraph  B-l)  with  rated  working  voltage  applied  to  the 
capacitors.  Testing  shall  continue  with  periodic  measurements 
of  the  capacitor  characteristics  until  such  measurements 
indicate  me  capacitors  no  longer  meet  the  allowable  tolerances. 
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D-5b  {2  to  4).  Step  II  to  Step  IV  Repeat  Paragraph  t.»- " :>{ I)  with  different 
capacitor  samples  ,_ing  vibration  amplitudes  of  0.02,  0.04, 
nnd  0.  Ofe  inch,  respectively. 

D»5c.  Recording  of  Data  - Life  in  hours  shall  be  recorded  as  a 
function  Cj  vibration,  with  failure  indicated  as  the  point  at 
which  the  allowable  tolerance  is  exceeded  for  dissipation 
factor,  leakage  resistance,  or  change  in  capacitance. 

U-k.  Life  Versus  Shock  With  95%  Confidence  Limits  (MIL-STD-202,  Method  202). 
Mounting  - See  Paragraph  it-  la. 

D- 6b,  Teat  Method  - 


U-6b(l).  Step  I.  Prior  to  the  start  of  the  te»t,  rated  working  voltage 
shall  be  applied  to  the  capacitors  under  standard  *est 
conditions  and  their  characteristics  (dissipation  factor, 
leakage  resistance,  and  ,.»pacit?.ncs)  shall  be  r,ic«ju;cu 
Then  the  capacitor  samples  shall  bs  mounted  on  a suitable 
shock-testing  apparatus  and  operated  under  standard 
conditions  while  being  subjected  to  repeated  shocks  of 
2 G' s intensity.  Measurements  of  the  capacitor  characteris- 
tics shall  be  made  at  periodic  intervals  throughout  the  test. 
The  test  shall  continue  until  measurement  indicate  the 
capacitors  no  longer  meet  the  allowable  tolerances,  or  until 
inspection  reveals  physical  damage  to  the  sample. 

D- 6b(2  to  6).  Step  II  to  Step  VI.  Repeat  Paragraph  D-6b(l)  with  different. 

capacitor  samples  using  shock  intensities  of  5,  10,  20,  40, 
and  70  G' s,  respectively. 

r>”6c.  Recording  of  Peta  - Life  in  hour*  shall  be  recorded  as  a 
function  of  .bock,  with  failure  indicated  as  the  point  at 
which  the  allowable  tolerance  is  exceeded  for  dissipation 
factor,  leakage  resistance,  or  change  in  capacitance. 


D-7.  Life  Versus  Pulse  Type  With  95%  Confluence  Limits 
— - 7 Mounting  - See  Paragraph  D- la. 

D-7b.  Test  Method  - 


D-7b(i).  Step  I.  Initial  measurements  of  the  capacitor  characteris- 
tics (dissipation  factor,  leakage  resistance,  and  capacitance) 
shall  be  mads  under  stanclaiu  test  conditions.  The 
capacitor  samples  shall  then  br  operated  under  rated  working 
voltage,  supplied  by  a evitable  signal  generator  having  a 
full- aine- wave  output.  Operation  of  the  samples  under 
these  conditions  chall  continue,  with  periodic  measurements 
of  the  capacitor  characteristics,  until  indications  show  the 
capacitors  no  longer  meet  the  allowable  tolerances. 

U-7b(2  to  9).  Step  II  to  Step  IX.  Repeat  Paragraph  D-7b(l)  with  different 
capacitor  ssvnpies  using  signal  generators  capaoic  of  the 
following  output  w«ve  types,  respectively: 


V/Ai 
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1.  Rectangular- wave  output 

2.  Half-sine-wavs  output 

3.  Triangular-wave  output 

4.  Clipped-sawtooth- wave  output 

1).  Symmetrical-trapezcid-wave  output 
b.  Damped— exponential— wave  Output 
7.  Fractional- sine- wave  output 
3.  Asymmetrical- wave  output 

P ArnrHinr*  a/  Hata  ••  T .Ho  in  V*  e c V>  a 1 1 Ka  a a/>  o o 

a function  of  pulse  type,  with  failure  indicated  as  the 
point  at  which  the  allowable  tolerance  is  exceeded  tor 
dissipation  factor,  leakage  resistance,  or  change  in 
capacitance  . 

D-8.  Voltage  Peak  Versus  Temperature 

D-8a.  Mounting  - See  Paragraph  D-la. 


T-»  ni  er»  . _a  ■*  # _a.l_  _ ’ 

-Leal,  memuu  - 


D-  Sb{  1). 


Step  I.  The  capacitors  shall  te  mounted  in  a.  suitable 
chamber,  in  which  standard  conditions  of  altitude  and 
humidity  can  be  maintained.  The  test  shall  be  conducted 
under  standard  ambient  temperature  conditions.  The 
initial  sinusoidal  pulse  of  two  times  the  rated  working 
voltage  shall  be  applied  to  the  samples  live  times.  If 


breakdown  of  the  capacitor  iaiij  to  occur,  the  pulse  voltage 
snail  be  increased  by  5 per  cent  of  the  initial  value  and 


capacitors.  The  tent  shall  continue  with  increasing  value* 
of  pulse  voltage  until  breakdown  occurs.  The  voltage 
peak  shall  be  the  value  of  voltage  immediately  below 
that  which  causes  breakdown. 


u-»e>(2to4).  Step  II  to  Step  IV.  Repeat  Paragraph  D-8b(l)  with  different 
capacitor  samples  using  ambient  temperature  conditions 
of  -40  € (-40  F).  73  C (167  F),  and  150  C (302  F), 

T>AanA/*fi  if*  1 \r 
r"- — j • 


O-  9.  Absorption 

D-9a.  Mounting  - See  paragraph  D-la. 


D-9b„ 


Test  Method  - The  test  for  absorption  shall  be  couduc ted  under  standard 

. - -3 * - - 4-  *1.-11 


> •»  V w wuvi*  n etc  A — • V J i au  l x 
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be  charged  to  their  rated  working  voltages  for  a period  of  one  minute. 
The  terminals  oi  the  capacitors  shall  be  shorted  for  one  second  and  then 
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the  capacitors  shall  be  insulated  fer  30  seconds.  The  vol'tage  across 
th*  tcriTiirisIs  of  th?  c *piicitor*  r « nr.  s v&cuujt!- tube 

voltmeter;  the  measurement  o£  voltage  shall  be  repeated  at  30- 
second  intervals  for  a total  of  five  times.  The  product  of  the  sum  of 
the  voltages  and  the  measured  c=p -icitar.ce  of  the  capacitor  shall  be 
determined  arid  expressed  ir.  micromicrocoulombs. 

D-10,  Dissipation  Factor 

D-  iua.  Mounting  - See  Paragraph  D-  ia, 

D-  10b.  Tc»t  Method  - The  dissipation  factor  of  a capacitor  can  be  measured  on 
» Sch^ring  bridge  or  mTi  c qul v a;. *ut  isrvruzris&ts  Th*  di z sipstio*  factors 
of  capacitors  whose  value  is  400  or  greater  shall  be  measured  at 
1000  cycles  per  second;  capacitors  whose  dissipation  value  is  less  ihsa 
400  shall  have  their  dissipation  factors  measured  at  one  megacycle 
ner  second. 
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CC  - CAPACITORS 


TYPE  OP  COMPONENT  20 


20  TYPE  OF  COMPONENT 


| Column 

! 4 

Code 

Class  k Adjustability 

1 

A 

r* t 

— — -»  CI  A C 'w 

2 

Class  II  Fixed 

3 

Class  III  jTixfed 

4 

Class  IV  Fired 

It 

Class  i Variable 

6 

Class  II  Variable 

! Column 

Dielectric 

Materials 

! b 

Clay#  I 

C II 

Class  III 

Class  IV  ij 

0 

Vacuum 

Bakelite 

Castor  oil 

Dry  electrolyte 

1 

Air 

Hard  rubber 

Chlorinated 

Wet  electrolyte 

diphenyl 

2 

Ar  g on 

Mycarnte 

Chlorinated 

naphthalene 

3 

Helium 

Steatite 

Cellophane 

4 

Neon 

Glass,  plate 

Mineral  oil 

Hydrogen 

Glass,  Pyrex 

Cellulose  acetate 

6 

Nitrogen 

Mica 

Paraffin 

7 

Carbon 

Mycalex 

Paper 

dioxide 

8 

Porcelain 

Polystyrene 

Q 

— 

V4UC1  L2j 

T~* — 3 

zr  a|>ci  a;:u  its^utraA 

A 

Titanium  dioxide 

Paper  and  castor 

oil 

B 

TiO^  + ceramics 

Definitions  for  "Type  of  Component"  Capacitor  Code 


CLASS  1 — 
CLASS  ? — 
CLASS  ? — 

CLASS  4 — 


Capacitors  using  air,  gas,  or  vacuum  a»  a dielectric. 

Gipscitcrs  having  • ^12.1*  ci  disisctric  ^ s vie  Vi  3.3  r>.  »r»  an/j  c*r«i!)irs. 
Capacitors  having  soft  dielectrics,  such  as  paper,  oil,  wax,  and  films. 
Capacitors  using  a physical-chemical  reaction  as  the  dielectric. 
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CC  - CAx-ACITORS 


VERTICAL-.?  ILE  outAKDOWN 
CIRCUIT 

VOLTAGE  COEFFICIENT  OF  CAPACITANCE 


21 

24 

25 


21  VERTICAL-FILE  BREAKDOWN  24  CIRCUIT 


(Column 

j Inch 
j Air  Gap 

n ■ 

Code 

Voltage 

0 

Multiple  Section 

i 

« 

1 

0-75 

i 

2 

75+-300 

i 

3 

300+-500 

i 

i 

4 

500+-1000 

. 030 
1 . C30+-. 070 

r> 

10CQ+-3000 

6 

3000+5000 

(.070+-.  144 

7 

soov: - iU, uuu 

j . 144+-,  3 fj 

8 

10. 000*- ia- 000 

* 370*- 

9 

» a AA 

it, 

| . 60  0^ 

! 

1 

i 

1 

J 

Column 

i 

30 

Code 

Circuit 

* 

o ! •< o 

2 

H t — ^ 

3 

o j Hr — ~° 

*3- 

4 

o — j 

I I I 

i J 

6 

} — -o 

7 

II 

II 

8 

L 

25  VOLTAGE  COEFFICIENT  OF  CAPACITANCE 


Columns 

31-32 

Code 

...  

| 

In  most  cases  this  characteristic  is  insignificant,  but  this  characteris- 
tic will  apply  in  the  case  of  ceramic-dielectric  capacitors.  At 
present  there  are  not  enough  del*  to  supply  » well-defined  code  for 
this.  Leave  columns  blank  until  a code  is  available. 
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CC  - CAPACITOP.5 


TEMPERATURE  COEFFICIENT 
OF  CAPACITANCE 


26 


26  TEMPERATURE  COEFFICIENT  OF  CAPACITANCE 


[Column* 

1 t > 

Part*  per 

...  --- 

1 

millior. 

— — — r* 

— 

_ . 
ouac 

pC  A \* 

"" 

c r miilitiii 

vjfiCC  C 

— 

Code 

r-aris  per  million 
per  degree  C 

A t* 

jut 

Nominal 

TiOO 

Symmetric 

±60 

Hr 

Nominal 

-30 

Symmetric 

±15 

RH 



Nominal  Symmetric 

.220  ±tn 

AJ 

+ 100 

a.  * *«rt 
•s  A faV 

*»* 

nu 

-30 

±30 

RJ 

-220  * 120 

AX 

+100 

•r  250 

HH 

-30 

±60 

RK 

-220  ±250 

BF 

+30 

4|5 

HJ 

-30 

±120 

SH 

~330  ±60 

BG 

+30 

±30 

HK 

-30 

±250 

SJ 

-330  ±120 

BH 

+30 

±6C 

EG 

_fl0 

± ZQ 

r>*r 

3Xt 

-230  ±250 

BJ 

+30 

±120 

UI 

-SO 

±60 

SL 

-330  ±500 

BK 

+30 

±250 

LJ 

-50 

±120 

Til 

-470  ±60 

f TP' 

Zzrc 

±15 

UC 

-80 

±250 

TJ 

-470  ± 1 2C 

CG 

Zero 

*30 

PG 

-150 

± 50 

TK 

-470  ±250 

CH 

Zero 

±60 

PH 

-150 

±60 

UJ 

-750  ±120 

CJ 

»a>a  W 

±120 

PJ 

-150 

z 120 

UK 

-750  ±250 

CK 

Zero 

±250 

PK 

-150 

±250 

JAN  - C - 20A  containe  ihe  tabic*  and  curve*  that  are  to  be  used 
with  this  code.  See  paragraph  H-7  ana  Figure*  li-20. 
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DAT  A- COLLECTION  SHEETS 
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■awna; 


^ cn*  to» 


setter. 


MANUFACTURER  - The  name  and  location  o L the  firm  which  manufactures  the  caotcitor. 

MANUFACTURER^  a T Y T £ NUMBER  - The  number  assigned  by  ihe  mauuXe*.iurer  to  identify  capacitors  as  to 
method  cf  construction,  materials  used,  etc. 


MANUFACTURER1  S PART  NUMBER  - The  number  assigned  by  the  manufacturer  to  identify  a particular  capacitor 
LIST  PRlCF  PER  CAPACITOR  - 'rhe  current  list  price  per  individual  capacitor. 

TYPE  OF  CAPACITOR  - A check  list  Cn  i-viicair  !h«-  d-g*‘ee  of  adjustability  of  the  capacitor  and  the  class  of 

dielectric  used  in  its  manufacture.  The  name  or  description  of  the  dielectric  material  is  also  requested 

NUMBER  OF  SECTIONS  - The  total  number  oi  individual  capacitors  contained  in  the  unit  described. 

CAPACITANCE  - The  nominal  capacitance,  in  microinicrofarada. 

D-C  WORKING  VOLTAGE  - The  nominal  d-c  working -volias z rating  of  the  capacitor. 


SHAPE  - 


A chrzk  list  in  indicate  the 
enveloping  the  capacitor. 

tj»”' uit *.  i>g  brackets  which  — 


shape  of  the  capacitor. 
Leads  and  terminals  eas 
r “ s.ii  integral  part  z'i  the 


Thc»  shape  shall  give  the  least  volume  completely 
ily  bent  need  not  be  considered  as  part  of  the  shape; 

.....  ...  W.  i 1..J.J  tk.  .k 

k*ji«*k*w4  «sv  .iiwuucu  *11  me  *u*^C| 


DIMENSIONS  ’’A11,  "B”,  AND  "C"  - The  dimensions,  in  inches,  corresponding  to  the  letters  on  shape 
indicated  above. 


W EIGHT  - Th*  weight  o*  the  capacitor,  in  ounces. 

NUMBER  OF  TERMINALS  - The  exact  number  of  terminals  on  the  capacitor. 

TERMINAL  TYPE  - The  type  of  terminal  used  on  the  capacitor. 

TERMINAL  ARRANGEMENT  - An  indication  of  the  physical  location  of  the  terminal*  on  Ihe  capacitor, 

MOUNTING  METHODS  - An  indication  as  to  how  the  capacitor  shell  be  mounted  on  any  assembly, 

CASE  MATERIAL  - The  name  c-  a description  of  the  base  material  used  to  cover  the  capr.cilor, 

PROTECTIVE  COVERING  - The  name  or  a description  cf  the  material  used  to  protect  the  capacitor  against  its 
external  envirenm*"!. 

SPECIFICATIONS  - A listing  of  the  specifications  (JAN,  MIL,  etc.  ) which  the  capacitor  has  passed  in  a manner 
acceptable  to  the  issuing  agency. 

FUNGUS  INERT  - An  indication  as  to  whether  the  capacitor  hat  met  the  requirements  of  MlL-E-5272  concerning 
protection  against  fungus  growth. 

CORROSION  RESISTANT  - An  indication  as  to  whether  the  capacitor  has  met  the  requirements  of  MJL-STD-202, 
Method  101,  concerning  protection  against  corrosion. 

HUMIDITY  - An  indication  as  to  whether  the  capacitor  has  met  the  humidity  requirements  f-f  MIL-STD-202, 
Method  IGs, 

ALTITUDE  - An  indication  as  to  whether  the  capacitor  has  met  *he  altitude  requirements  of  MIL-STD-202, 
Method  105 

VIRTATION  - An  indication  as  to  v^-ther  the  capacitor  has  met  the  vibration  requirement*  of  MIL-STD-202, 
Method  cOl. 


b'HOC  A - An  indication  as  to  whether  the  capacitor  has  met  the  ihjck  requirements 


of  MIL  STD-202,  Method  20.1, 


WADC  TR  5-1-151 


84 


PATA-COL1  ECriQK  SHEET  F OR  CAPA  Cl  t;  >RS* 


Manufacturer  of  Cs?«citor_ 

Manufacture?'  s Type  !tajfc*r_ 

Manufacturer'  * Pxrt  Norobet 


List  Price  per  Capacitor^ 


Type  of  Capacitor  (check  appropriate  items) 

Fixcu  Class  1 

Variable  Class  11 

Cl® sa  III 
Class  IV 

Number  of  Sections  per  Unit * 

Capacitance^^ uu  f 

OOy — -j,  □«>___ T~7\a,a 

sh.P<  j [/  \ 

ei  i / • / - ti  i r- 

J 

Dimension  A in.  Dimension  i> 

Weight or 


Name  of  Dielectric  Material 


D-C  Working  Voltage 


volts 


Ta",d 


Dimencion  C 


Number  of  Terminals 
Terminal  Type:  Flexible- Wire  Lead  Solder  Lug  Screw  and  Nut 

Other 


Terminal  Arrangement.  Tap 

ouiium 

Lad  Side  a 

Other 

Mounting  Method:  Lead* 

Solder  Lug 

Citr.-.pa  Twist  Lug 

Other 

Caae  Material 

Protective  Covering  (finish  or  olating) 

Specifications 

Has  ine  Capacitor  Passed  tee  Tent 

Rcouir cmenii  c*i 

ine  wyci.2..iLai.u>u 

1-  j: a . J 

UlUtbAiCU 

Below" 

Fungus  Inert: 

MIL-  E -527.’. 

Passed 

Net 

Passed 

Ccrroainn  Resistant: 

MIL-STD-202 

Paosed 

A 

B 

Nor. 

Passed 

Humidity: 

i*iL-?TD-iui 

P1»S«C 

A 

B 

N«i 

irutSCQ 

Altitude: 

MIL-STD-202 

Pass’d 

Not 

Passed 

Vibration: 

MJL-STD-202 

Phased 

A 

B 

Not 

Patted 

Shock: 

MIL-STD-202 

Patted 

Kot 

Patted 

*Use  thesis  dal® -collection  ir.r«;i  :cr 

electrical  data  on  eiujie-aectior. 

vip»»»*6r 

c or  ter 

Section  No.  * of  » 

atuiutcCuuu  Cs^'StMdi  . ocCuOwe  0»  a ! 

section  rio  i being  nasige«:d  So  the  lowest  voltage  »ection. 
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instructions  for  Data-Collection  Sheets  tor  Capacitors 


MAXIMUM  AMBIENT  TEMPERATURE  OPERATIVE  - The  maximum  sustained  smbient  temperature  to  which  « 
:*paziivr  may  be  subjected  when  not  in  operation  then  be  energized  and  operated  within  aii  -■ 

tier,  iiiniis  for  # pc^luu  ul  ICCv  hours. 

MINIMUM  AMBIENT  TEMPERATURE  OPERATIVE  - The  minimum  sustained  ambient  temperature  to  trhich  a 

capacitor  may  be  subjected  when  not  in  operation,  than  be  energised  »«d  operated  within  ail  ? purification 
limits  for  a period  of  1000  hours. 

MAXIMUM  AMBIENT  TEMPERATURE  NONOPERATIVE  - The  maximum  sustained  ambient  temperature  to  which 
a capacitor  may  be  subjected  when  cot  in  operation,  and  from  which  the  capacitor  may  be  returned  to  its 
nortriai  operating  temperature  range,  and  than  he  oper  ated  within  aii  specification  limits  for  iOvO  W-.-j. 

MINIMUM  AMBIENT  TEsi?h^ATUR£  ItONOFZRATIVZ  - Tot  rniniixiufu  sustained  ambient  temperature  *•“  wrlcli  a 
capacitor  may  be  subjected  when  not  in  operation,  and  from  which  the  capacitor  may  be  returned  to  its 
normal  operating  temperature  range,  and  then  be  operated  withir-  *U  specification  limits  for  1000  hours. 

TOLERANCE,  PLUS  OR  MINUS  - The  permissible  plus  or  minus  deviation  from  the  nominal  value  ex  capacitance. 
The  units  are  per  cent, 

FREQUENCY  RANGE  Or  APPLICATION  ••  The  frequency  range  over  which  the  capacitor  may  be  operated  and 
remain  within  its  nominal  ratings, 

PEAK  VOLTAGE  - The  maximum  instantaneous  voltage  which  can  be  saiely  impressed  across  the  terminals  of  the 
capacitor. 

A-C  VOLTAGE  - The  nominal  a-c  voltage  which  car.  be  safely  and  continuously  impressed  across  the  terminals  of 
the  capacitor  under  normal  operating  conditions. 

VOLTAGE  COEFFICIENT  OF  CAPACITANCE  - The  parts  per  millicr.  change  in  capncitar.ee  per  volt  change  in 
voltage  across  the  terminals  of  the  capacitor. 

TEMPERATURE  COEFFICIENT  OF  CAPACITANCE  - The  parts  per  million  change  in  capacitance  per  degree 
(centigrade)  change  in  temperature. 

ABSORPTION  - The  -mount  of  charge  retained  in  the  capacitor  after  the  d-c  working  voltage  has  been  sppiied  for 
a fixed  period  af  time  and  the  capacitor  then  shorted  for  a fixed  period  of  time. 

DISSIPATION  FACTOR  - The  ratio  of  the  energy  lost  through  leakage  plus  i^R  losses  to  the  energy  retained  in  the 
capacitor. 

CIRCUIT  INDUCTANCE  - The  seif~»nductance  of  the  capacitor. 

P. KSON AN T F REQU ENG Y - The  frequency  at  which  the  impedance  between  the  terminals  reaches  a minimum  value 
(or  becomes  resistive). 

CORONA  VOLTAGE  ~ The  voltage  ^ro««  the  terminals  ui  the  capacitor  at  which  ionization  begins  to  occur  in  the 
dielectric. 

INSULATION  RESISTANCE  - The  resistance  measured  between  the  shorf*td  terminals  of  the  capacitor  and  me  case. 

VOLTAGE  INSULATION  - The  maximum  d-c  voltage  which  can  be  impressed  acros*  the  shorted  terminal  ft  of  the 
capacitor  and  the  case  before  damage  occurs. 

SERVICE  L1F F.  - The  operating  life  ir  #riVtr*  th»t  Kf  *?vpectec  of  a capacitor  i.uder  normal  operating 

conditions. 

S?i£LF  LIFE  - The  life  in  storage  under  normal  conditions,  fr^nr*  which  the  capacitor  may  l»c  placed  in  service  ar.a 

operate  normally  in  aii  respects. 

CIRCUIT  - A schematic  representation  o«  the  phyeicai  relationship  between  the  capacitor  elements  »?•<!  Us 
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dat>.  collection  sheet  fok  capacitors 


U»t  Temperatures  Below 


Maximum  Ambient  Temperature  Operative 
Minimum  Ambient  Temoe'sture  Operative 
Maximum  Ambient  Temperature  Nonoperative 
Minimum  Ambient  Temperature  Nonoperative 


Tolerance:  Plus 


i requency  ninye  ui  AppucAuou 


Peak  Voltage_ 


A-C  Voltage 


Voltage  Coefficient  of  C*p*citance_ 


Temperature  Coefficient  of  Capacitance 


Absorption^ 


mic  romic  rocoulombr 


Dissipation  Factor 


Circuit  Inductance 


microbe  .«a 


ke sonar.;  Frequency 


Corona  Voltage 


Insulation  R»ai«tance 


Voltage  InaiL.ation_ 


Service  Life 


Shelf  liife 


Circuit  (schematic  diagram  of  capacitor  circuit) 
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DATA-COLLFCTION  SHEET  FOR  CAPACITORS 


(For  supplementary  multiaeciion-capacilor  data)* 

■Section  No.  Z Section  No.  3 

Capacitance  __ 

D-C  Vtorking  Veltoge.  volt-  ___________  

Peak  Voltage,  v ■ t r 

Absorption,  mie  rnmie  rocoulombs  

Dissipation  Factor.  % 

A-C  Voltage,  volts  _________  

Voltag*  Coefficient  of  Capacitance 

Temperature  Coefficient  of  Capacitance  ________ 

Circuit  Inductance,  microhenries  _________ 

Frequency  Range  of  Application,  cycles/'stc  

Resonant  Frequency,  _ _________ 


♦ Uac  thi*  data  collection  sheet  for  the  i!ic!"a*rm  of  electrical  data  on  the  remaining  sections  of 
capuciior.  Data  pertaining  to  the  characteristics  listed  above  should  be  denoted  ‘lime"  if 
identical  with  ihose  already  give,.  Icr  Section  No.  1.  Additional  characterlatlce  and  data  mey 
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Section  No.  4 


- iy'ttien 

such  data  are 
oe  added  it  require 


LIFE-DAT.^-v^LLriCTION  SHEETS  **OR  CAPACITORS 


Manufacturer'  * Type  *nd  Part  Number 

mtinuci  ui  ti^nipici  uuu  yc w mi 

l.iie-'fcst  Tolerances 


Dissipation  factor % 

* eokage  Renetance megohm* 

Capacitance  Ch»?je  5s 

Life  versus  AUiMe  With  ? itniti  (C,  L.  ) (ECIC  Teat  Procedure  CC-Pl,  Paragraph  D-l) 


Life  \ alues  and  Confidents  Limlt^  hours 


Altitude,  feet 


25. 000 

50.000 

75.000 

100, 000 


Die aloaticn  Factor  leakage  Resistance 

Lifu  C.L.  Life  C,  L, 

(Data  obtained  under  standard  teat  conditions) 


Capacitance  Change 
Lila  C i L. 


(Data  obtained  under  tee?  conditions  of  50  C and  95  to  100  par  cent  relative  humidity) 


25.000 

‘0, 00C 

75.000 

100,000 


Life  Versus  Temperature  Ifith  955;  Confidence  Limits  (ECIC  Test  Proce  hire  CC-Pi,  Paragraph  D-2) 


Temperature,  C 

- ICO 

- 65 

- 35 

0 

25 

50 

iuo 

150 

200 

250 


Life  Values  and  Confidence  Limits,  hours 

Piss  ins  tion  factor  Leakage  Resistance  Capacitance  Change 

Lite  C.  L.  Life  C.  L.  Life  C.  L> 


The  number  ji  samples  used  in  carh  test  shall  be  governed  by  the  applicable  ••  purification;  five  samples  shall  be 
v/here  the  number  i»f  sai.tpict  is  not  specified.  The  life  value*  recorded  are  the  s.\2Tmge  values  for  the 

uSrnpiOi  UaUui  Cor^.JcuCc  lifuiti  aJ£  Calculated  ft um  test*  Ou  Ui<  Specified  nun.''*c « Of  ^ifiipica,  if  LUDlldetl«.V 

limits  arc  net  calculated,  list  life  d*ta  from  each  individual  •“  rr.pl?  on  additional  payee. 
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LIFE-DATA -COLLEC  r ION  jH2£Tj  FUR  v..".  I’ ACITCAc. 

Life  Versus  Frequency  With  95%  Confidence  Limits  (ECIC  Test  Procedure  CC-PI,  Paragraph  D-3) 


Lilt.  Values  and  Confidence  Limits,  hours 


Frequency,  cycles/s tc 

60 

1060 

100,000 

1,000,000 

'0,000,000 


uunptliqn  r actor 
Life  C.  L. 


ilEUAUG  AC»ldM»E  = 


Life 


C.L. 


Life 


C.  L. 


Los  75,^,  7,  '-V _rhl~ ~ Vcltt~e  With  04%  Confidence  Limits  (ECIC  Test  Proce&u.s  CC-P1,  Paragraph  D-4) 

Life  Values  and  Confidence  Limit?,  hours 


% Rated 

Working  Voltage 


25 

50 

100 

150 

200 


Dissipation  Factor 
Life  C.L. 


Leakage  Resistance 

Life  C.L. 


Life  Versus  Vibration  With  95%  Confidence  Limits  (ECIC  Test  Procedure  CC-Fi) 


Capacitance  Change 

i. if*  r. 


Vibration 

AffijliitBti  lnvi. 


0.01 

0.02 

0.05 

0.06 


Dissipation  Factor 
Life  C.L. 


Leakage  Reeletanct 
Life  C.L. 


Life  C.L. 
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LIFE  -DATa-COLLECTION  SHEETS  FOR  CAPACITORS 


Life  values  tad  C»  \tnc«  LlinJij  hcun 


Shock,  G1  » 

2 

5 

19 

20 

40 

70 


Dissipation  Factor 
Life  C.L. 


Leak&ii  Resistance 


Life 


C.L. 


Life  Ver»;ta  Pulr*  Type  With  95%  Confidence  Limits 

Life  V slues  and  Confidence  Limits^  hours 


Pulse  Type 


Full  sine 
Rectangular 
Half  sine 
T riangular 
Clipped  sawtooth 
Symmetrical  trapezoid 
fvoon«ntiil 
Fractional  sine 
JisyrTimetnca!  trapezoid 

Voltage  P*ai?  Versus  Temperature 


Dissipation  Factor 


Leakage  ResisianCr 


Life 


C.L. 


Life 


C.L. 


V olt.lgc  Pz^Jf  i % cit? 


-40 

25 

75 

: so 


Lapacitas.ce  Change 
Lite  C.L. 


r.ar«rit*rvr>  Char. a 


Life 


C.L. 
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Answering  Questions 


What  Type  Cii  Questions  O aula  the  ZC1C  Answer  ? 

The  system  is  designed  so  that,  once  all  the  pertinent  data  on  a given 
electronic-component  group  have  been  inserted  into  the  files,  any  engineer- 
ins  cuestio”  fai't  invnlvino  Hi»<ion  nr  nerfr>rri>ance  data,  could  be  an  — 
swered.  The  scope  of  the  possible  answers  would  depend  upon  the  extent  of 
the  input  data  on  the  component  at  the  time. 

The  following  list  suggests  the  variety  of  questions  potentially  an- 
swerable by  an  ECIC  system  in  full-scale  operation: 

(1)  Are  there  any  5 00 -volt  d=-c  i0-;i£  capacitors  available  that  will 
operate  satisfactorily  for  100  hours  at  an  ambient  temperature  ot 
200  C?  If  so,  who  makes  them? 

(2)  Who  manufacturers  an  hermetically  glass-sealed  resistor,  40,  000 
ohms,  1 watt,  ,!one  per  cent  accuracy1' ? 

(3)  Who  makes  the  lightest  weight  i/lO-hp,  10,  500-rpm,  400-cycle 
induction  motor  available  ? What  is  its  weight  ? 

(4)  What  is  the  smallest  available  dry  battery  that  will  deliver  9.5 
amperes  continuously  for  l-l/2  hours  at  0 F with  a working 
voltage  of  2.5  volts? 

(5)  List  the  available  thermal  switches  meeting  the  following  require- 
ments: 


Type  of  operation  ... 
Actuating  temperature. 
Release  temperature  . 
Vol:age  rating  . . . . 

Frequency,  cycles  . . 
Current  rating  . 


* • • 


. . . snap  action 

...  75  F 
...  73  F 
. . . 200 

. . . 400 

. . . 2 amperes 


Se r siiive  l. i i n *.  win  uot  be  damaged  by  storage 

temperatures  ranoinv  from  -40  to  120  F. 

A w w 

(6)  List  t!  e United  States  transistor  manufacturers  by  states. 
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jjc%v  Would  the  Center  Answer  Such  Questions? 


To  answer  a question,  the  procedure,  in  general,  would  be  as 
follows: 


(1)  Screening  of  Questions.  An  ECIC  engineer  would  ascertain  that 
the  question  was  answerable;  i.  e.  , it  was  r question  of  fact,  and 
no!  ambiguous  or  a matter  of  opinion. 


Searching.  He  would  then  determine  which  file  to  search,  which 
machine  to  use,  and  the  simplest  way  to  prepare  the  machine  tor 
the  searching  joh.  Often  this  would  require  only  the  punching  of 
a master  selector  card  for  machine-matching  by  the  collator. 

For  a more  complex  and  detailed  question,  a 5-minute  job  of 
panel  wiring  might  be  necessary  (collator  or  electronic  statisti- 
cal machine).  Each  tn  achlne —panel  that  ura a try  os#>d 

frequently  in  the  searching  operation  couid  be  wired  into  a sepa- 
rate panel.  These  separate,  permanently  wired  panels  could  be 
used  to  facilitate  machine -job  changes  by  reducing  the  amount  of 
machine- panel  wiring  necessary. 


A technician  would  take  over  the  procedure  of  feeding  the 
cards  into  the  selecting  machine  (sorter,  collator,  or  electronic 
statistical  machine),  which  would  select  those  cards  pertinent  to 
the  answer  desired  and  reject  the  others. 

(3;  Tabulating  and  Tape  Punching.  Once  the  cards  were  selected, 
the  information  on  them  could  be  tabulated  automatically  on  a 
Cardatype  or  on  a standard  alphanumeric  tabulator.  The  Carda- 
type  can  be  wired  so  that  it  would  simultaneously  punch  a tele- 
typewriter transmittal  tape  with  the  same  information  as  that 
tabulated. 


(4)  Verifying  Accuracy  of  Answers.  When  the  data  have  been  tabulated, 
ar.  engineer  would  check  them  for  completeness  and  accuracy,  and 
• prepare  any  explanatory  remarks  he  felt  were  necessary.  The 
answer  to  the  inquirer's  question  would  then  be  ready  for  trans- 
mittal. 


(5)  Transmittal  of  Answers,  The  data  could  be  sent  to  the  inquirer  by 


means 


«-v . 


tabulated  lists  or  on  the  punched  tape 


tioner  were  acquainted  with  the  ECIC  he  would  have  a copy  of  the 
simple  codes  involved  in  all  probability-  In  that  case,  decoding 
ox  the  punched-card  data  by  the  ECIC  would  net  be  necessary;  but 
even  decoding  would  delay  the  answer  only  slightly.  Most  ques- 
tions could  be  answered  within  8 working  hours  after  their  receiot 
bv  the  ECIC- 


Part  VII  of  phase  R ennrt  N;_>.  1 fr.acre  I c i 1 illustrates  the  various  ctpnc 

;o  be  taken  in  answering  questions  like  those  mentioned  above. 


7 5 
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Parch  Cards  and  Machines  for  the*  ECiC 


A number  of  commercially  available  methods  for  handling  technical 
information  were  considered  for  use  in  the  ECIC.  These  included  hand- 
sorted  punched  cards,  machine-sorted  punched  cards,  microfilm,  micro- 
cards,  magnetic -tape  devices,  and  various  combinations  of  these. 

The  method  finally  selected  as  most  nearly  meeting  the  immediate 
requirements  of  an  ECIC  system  was  that  employing  machine-sorted  punched 
cards.  The  reasons  underlying  this  selection  were; 

(i)  Information  could  be  added  to  or  removed  from  the  files  easily. 

(Z)  The  equipment  was  commercially  available  and  could  *.»c  rented  as 
nccu CU • 

(3)  Machine  searching  permits  rapid  selection  of  desired  informa- 
tion f i o m a large  file. 

(4)  Automatic  machines  for  reproducing  card  punching  and  for 
printing  data  directly  from  cards  could  speed  the  processing  of 
information . 

(5)  Anticipated  growth  would  not  result  in  an  unwieldy  system. 

This  section  describes  briefly  the  machine-sorted  punched  card  and 
the  various  machines  recommended  for  use  by  an  ECIC.. 

D e scription  of  the  Punched  Card  Used  In  the  ECIC  System 

The  machine-  sorted  punched  card  (ISM)  has  60  vertical  columns, 
each  divided  into  tweive  punching  positions.  Using  only  standard  punches, 
there  are  47  different  letters,  numbers,  and  special  characters  available, 
any  one  of  which  may  be  punched  into  a card  column. 

Functionally,  there  is  only  one  basic  card  design.  However,  various 
card-color  combinations  and  special  printing  facilitate  the  identification 
and  handling  of  card  decks  by  operators. 


Machines  for  ECIC  Use 

Card  Punch.  The  printing  card  punch  may  be  used  to  prepare 
punched  cards  for  rhe  files  of  ECIC.  Punching  is  controlled  by  a typewriter- 
like keyboetd.  The  printing  punch,  in  addition  to  punching  holes,  also 
prints,  at  the  top  of  the  card  column,  the  character  represented  by  the 


i )( 
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holes  punched  in  that  column.  The  machine  has  a program-control  unit 
that  permits  automatic  duplication  and  automatic  skipping  of,  cards  or  parts 
of  rarHs  The  duplication  and  shipping  program  desired  mav  he  punched 
on  a standard  card  whose  punching  pattern  controls  the  automatic  functions 
oi  the  machine. 

Card  Verifier.  The  card  verifier  may  be  used  to  check  the  punching 
of  cards  prepared  for  the  ECIC  files.  Verification  is  accomplished  by  a 
oo  to  csrd  jp \i n c H i n o . sinrr  ~ ircrifisr  c „ rri - 

pares  the  hole  or  holes  already  punched  in  the  corresponding  card  column 
with  the  pattern  desired.  A discrepancy  causes  the  machine  to  stop. 

Card  Collator.  The  card  collator  may  be  used  for  sequence  checking, 
card  selection,  merging,  matching,  and  merging  with  selection.  It  lias 
two  card  feeds  ar.d  four  collecting  pockets. 

Machine  functions  are  determined  by  wiring  on  a control  panel.  Card 
comparing  can  be  done  on  sixteen  columns  for  both  numerical  and  alpha- 

v-  - - i : „ r t : 

UCtlLdt  I111U1  liiauun. 

Each  card  feed  has  a speed  of  240  cards  per  minute.  When  both 
feeds  operate  every  card  cycle,  480  cards  per  minute  pass  through  the 
machine . 


In  the  ECIC,  the  card  collator  would  be  used  for  checking  the 
sequence  of  electronic  -component  index  codes,  verifying  the  punching  of 
identical  columns,  selection  of  particular  component  cards,  matching 
identical  decks  of  file  cards,  and  a variety  of  other  functions.  It.  selecting, 
for  instance,  a question  card  may  be  prepared  that  contains  values  sought 
as  an  answer.  The  collator  can  select  from  a deck  of  ECIC  cards  all  of 
those  that  match  the  question  card. 


Electronic  Statistical  Machine.  The  electronic  statistical  machine 
nas  xour  main  functions,  i.  e.  , Sorting,  selecting,  counting,  and  printing 
tables  of  information.  It  has  one  card  feed  and  thirteen  collecting  Dockets. 


Sorting  is  the  operation  bv  which  the  cards  ai 
or  alphabetical  sequence. 


d in  nnm^riral 


Selev 


L£ 


is  similar  to  sorting,  except  that  only  cards  with  specified 


punched  patterns  are  removed  from  the  deck.  The  selected  cards  fall  into 
one  or  more  pockets,  as  desired,  and  the  balance  fall  into  another  pocket, 
usually  the  reject  pen  ket.  Cards  can  be  selected  on  the  basis  uf  information 
in  several  columns.  For  instance,  it  may  be  desired  *o  select  ali  cards 
having  the  Nutnaer  628A  in  Columns  5 to  u L'his  can  be  done  veTy  simply 
in  one  pass  through  the  machine. 


» • r » rv  y*’  n l c i 

w i r\  zj  i - • > i . 
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The  nombev  o£  Caros  in  any  clas.-iiiication  can  be  determined  by  the 
counters.  While  the  count  is  being  made,  the  cards  can  be  sorted  into  «t  . 
entirely  different  group  of  classifications,  nr  can  be  retained  in  the  same 
order  by  being  directed  into  one  pocket. 

The  card  counts  can  be  printed  automatically  on  a report  form.  By 
proper  grouping  of  the  cards,  a table  of  data  can  be  printed  directly. 

Machine  functions  ere  determined  bv  a wiring  panel  and  selector 
switches.  Cards  feed  at  the  rate  of  450  per  minute. 

In  the  £CIC>  the  electronic  statistical  machine  can  be  U3ed  to  sort 
numv-'ical  and  alphabetical  information,  check  sequence,  select  component 
uiidj  in  answer  to  inquiries,  and  count  classifications  for  printing  data. 

Cardatype  The  Cardatype  may  be  used  to  prepare  a typewritten 
document  semiautomatically.  It  is  an  electric  typewriter  controlled  by  a 
program  tape  and  a plugboard  control  panel.  The  Cardatype  can  by  shifted 
quickly  from  one  job  to  a different  one  merely  by  changing  program  tapes. 
Information  for  typing  can  be  fed  to  the  machine  from  a punched  card,  a 
typewriter  keyboard,  or  an  auxiliary  keyboard. 

In  addition  to  printing  data  from  punched  cards,  the  Cardatype  can  be 
made  to  stop  where  desired,  so  ‘hat  information  from  a typev/riter  key- 
board can  be  inserted  by  hand  typing.  There  is  also  an  auxiliary  keyboard 
in  whinh  numerical  information  can  be  prepunched  by  hand  and  inserted 
automatically  upon  "orders"  from  the  program  tape. 

Another  feciure  of  the  Cardatype,  the  transmittal-tape  punch,  may  be 
used  to  prepare  a teletype  tape  from  punched  cards.  The  tape  may  be 
punched  at  the  same  time  the  information  is  being  typed, 

The  maximum  speed  of  the  Cardatype  is  10  characters  per  second. 
The  average  typing  rate  is  somewhat  less  than  this,  depending  upon  the 
time  consumed  by  machine  operations,  such  as  carriage  return,  card 
eject,  etc.,  but  it  is  faster  than  expert  manual  typing. 

A tabulator  and  card-to-tape  punch  could  replace  the  Cardatyne  in  a 
large-scale  operation.  The  Cardatype  could  be  used  by  ECIC  in  a small- 
scale  operation  or  for  miscellaneous  jobs  in  a large  information  center. 

Automatic  Reproducing  Pl,nch.  The  functions  of  the  automatic  repro- 
ducing punch  in  the  ECIC  fall  into  three  main  groups,  viz.,  reproducing, 
gang  punching,  and  comparing.  Duplicate  decks  of  cards  can  be  prepared 
automatically  by  the  re  pro-due  e ” Gang  punching  can  be  used  to  prepare  a 
la  roe  number  oi  identical  cards.  This  operation  can  be  used  when  it  is 
desired  to  add  the  same  information  to  a number  of  cards 
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The  reproducer  can  be  used  to  compare  two  decks  of  cards  that  are 
thought  to  be  identical.  A mark-.sensing  attachment  will  permit  the  repro- 
ducer i.o  read  pencil  marks  on  the  card  and  punch  this  information  into  the 
proper  columns. 


The  Tabulating  Machine.  The  tabulating  machine  can  be  used  to  pre- 
pare listings  of  data  from  the  ECIC  cards.  These  listings  then  can  be 
returned  to  the  source  of  data  for  checking.  The  tabulator  also  can  list 
answer  cards  selected  from  the  ECIC.  files.  It  also  can  count  and  accumu- 
late totals.  The  tabulator  could  be  used  in  place  of  the  Cardatype  in  a 
large  information  center  where  its  higher  speed  would  be  essential.  Some 
tabulators  can  print  150  lines  per  minute  (up  to  120  characters  per  line). 


The  Card-Controlled  Tape  punch.  The  card-controlled  taps  punch 
can  be  used  to  prepare  a teletype  tape  from  the  punched  cards.  The  tele- 
type tape  can  be  used  then  to  transmit  information  between  the  central 
ECIC  and  any  branches  that  might  be  set  up,  or  it  can  be  used  to  transmit 
directly  to  the  questioner  information  from  selected  cards  that  answers  his 
question. 

The  punch,  collator,  Cardatype,  and  electronic  statistical  machine 
can  perform  the  basic  operations  required  by  the  ECIC  and  are  all  the 
machines  required  for  a small-scale  operation.  A larger  center  could 
make  efficient  use  of  the  tabulator,  reproducer,  verifier,  and  card-to-tape 
punch. 


The  foregoing  paragraphs  contain  only  brief  descriptions  of  the  IBM 
machines  recommended  for  use  in  an  ECIC.  More  detailed  descriptions  of 
the  IBM  card,  printing  card  punch,  Cardatype,  collator,  and  electronic 
statistical  machine,  as  applied  to  an  ECIC  system,  may  be  found  in  Part  II 
of  Phase  Report  No.  1 . Complete  information  on  all  the  machines  men- 
tioned in  this  section  can  be  found  in  the  operating  manuals  furnished  by 
the  manufacturer. 
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Organization  and  Personnel 


; 

i 

i 
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This  section  discusses  briefly  the  principal  elements  of  a suggested 
organizational  setup  for  a unit  of  ECIC  operation  and  the  personnel  require-- 
ments  for  such  a unit.  The  word  "unit"  is  used  here  to  mean  a group  of 
individuals  (and  equipment)  organized  to  perform  all  the.  "line"  operations 


e a1.  — _ — — 

OI  fr*iC  irpusviu 


. - "el 

'JV 


5.1.  but  limited  scs. I1?  ^ fr*r  in5t?.nr^ 
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of  ECIC  business.  The  number  of  such  units  that  would  be  required 
depends,  of  course,  upon  the  level  of  activity.  The  supervision  ct  a group 
of  these  units,  the  management  and  administration  of  the  ECIC  as  a whole, 
and  any  research  and  development  activities,  arc  not  included  in  the  dis- 
cussion. 


Figure  6 is  a suggested  organizational  chart  for  an  ECIC  unit  showing 
the  various  occupations  represented  and  the  lines  of  responsibility.  The 
job  titles  were  selected  to  correspond  with  those  used  in  the  operational 
analysis  of  costs  presented  later,  in  Table  5. 

Different  job  titles,  especially  for  the  engineering  jobs,  might  be 
equally  appropriate.  The  job  descriptions  arc  as  follows. 


Engineers 

(1)  Job  Title  - Coordinating  Engineer  (Reply  Editor) 

Job  Description  - Supervises  one  unit  of  ECIC*  operation  and 

checks  all  input  data  and  outgoing  information  from  that  unit 


Requirements  - Degree  in  Electrical  Engineering  or  the  equiva- 
lent. Comprehensive  understanding  of  the  properties  and 
uses  of  electronic  components.  Thorough  knowledge  of  all 
ECIC  operations,  equipment,  end  personnel.  Should  nave 
six  months'  ECIC  experience  at  less  responsibility. 


Cel  o .... 
ta#«»A3>  ▲ y 


ffrinn  c. - **9eaa  

f WVVV*  vw  iV  I UC1 


r » a e \ 

;c*i 


[Z)  Job  Title  - Search  Specialist 


Job  Description  - Determines  and  specifies  methods  of  using  the 
machines  for  each  data  search.  Supervises  operation  of  ail 
machines  except  card  punch  and  verifier.  Schedules  all 
searching  work. 
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FIGURE  6.  SUGGESTED  ORGANIZATION  OF  A TYPICAL  ECIC  UNIT 


Requirements  - degree  in  electrical  Engineering  or  the  equiva- 
lent. Thorough  knowledge  of  the  ECIG  searching  techniques 


SCa 


- ^ ...-VWAMV  “K''  ' -«-*V** 


ECIC  experience  at  less  responsibility  covering  all  phases  of 
ECIC  work. 


Salary  - $5000  to  $6500  per  year  (1953) 

(3)  Job  Title  - Data  Analyst 

Job  Description  - Analyzes  incoming  information  or  questions  for 
ECIC  processing.  Translates  incoming  data  into  ECIC  '’odes 
and  forms.  Supervises  and  schedules  punching  and  verifying 
of  cards  and  all  card  filing. 

Requirements  - Degree  in  Electrical  Engineering  or  the  equiva- 
lent. Comprehensive  understanding  zi  the  properties  of 
electronic  components.  Familiarity  with  ECIC  data  collec- 
tion, operating  system,  and  coding.  Should  have  six  months* 
ECIC  experience. 

Approximate  Salary  - $4200  to  $5000  per  year  (1953) 


Machine  Operators  (Technicians) 

(1)  Job  Title  - Searching  Machine  Operator  (collator,  electronic 
statistical  machine,  etc.) 

Job  Description  - Follows  search  specialist's  instruction  in  wiring 
panel  boards  ana  operating  machines  to  find  cards  that  con- 
tain the  desired  information. 


Requirements  - High  school  diploma.  One  or  two  weeks*  train- 

1 w.-T  C O 4 1 n/t  An  u<  t»  wf  n n moalr  I 0 two*  nw  tr>  JT*  f"*  T /"* 
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procedures. 

Wtfgc  Rale  51 . 50  per  hour  (1953) 

U)  Job  Title  - Card  punch  Operator 

Job  Description  - Punches  the  coded  ECIC  data  from  data  sheets 
into  Caius. 


Requirements  - High  school  diploma.  Typing  ability.  One  week*  s 
training  in  EGIG  procedures  and  machine  operatic’". 

Wage  Rate  - $i,3?  per  hour  (1953) 


\*f  A T\~  'wn  c a » r i 
*»  1 I\  ;t-13  1 
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Job  Description  - Transmits  outgoing  information  by  designated 
means  (letter,  telephone,  teletype,  etc.). 

D onni  rp  m Pnr  c . w>rrn  erh  nnl  nin'inma  . »T  p\w  n a vs  ' rr^inino  in  pldC 

- - -c- — r — - / - © — — 

procedures. 

—'age  p,?ile  - $1.37  per  hour  (1953) 

(2)  Job  Title  - Receiving  Clerk 

Job  Description  - Checks  incoming  messages;  sorts  and  transmits 
them  ie  appropriate  ECIC  persons  for  processing.  (In  a 
small  unit,  this  job  could  be  combined  until  that  of  T rans- 


Requirements  - same  as  for  transmitting  clerk 
Wage  Rate  -$1.37  per  hour  (1953) 


(3)  Job  Title  - Filing  Clerk 

Job  Description  - Files  all  papers  except  punched  cards. 

Requirements  - High  school  diploma.  Few  days’  training  in  ECIC 
filing  system. 

Wage  Rate  - $1.00  per  hour  (1953) 


Miscellaneous 


(1)  Job  Title  - Reply  W riter 

Job  Description  - Takes  the  information  from  selected  cards; 

does  necessary  decoding  and  converting  of  units;  puts  infor- 
mation  in  r"*Dr>pr  ^ o r m ♦ *■?  ior.ui  rot* 

Requirements  - High  school  diploma.  Typing  ability  and  pro- 
ficiency in  drir  h me  tic. 

Wage  Rate  - $1.  37  per  hour  (1953) 


i Q 1 
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(2)  Job  Title  - Messenger 
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group. 
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Requirements  - Ability  to  read,  write,  and  follow  instructions, 

normally  a high  school  graduate. 

Wage  Rai«-  - $» , 00  per  hour  (1953) 


The  number  of  persons  required  in  each  occupation  could  be  deter- 
mined definitely  only  after  some  operating  experience  of  a center.  Some 
of  the  factors  involved  would  be: 

(1)  The  number  of  messages  received  daily 

(2)  The  distribution  of  incoming  messages  between  input  data  and 
inquiries 

(3)  The  percentage  of  complex  inquiries  received,  as  distinguished 
from  the  more  routine  variety 

(4)  The  condition  of  the  incoming  data,  on  the  average  — in  other 
words,  the  .mount  of  technir*!  supervision  required  to  pro_ess 
them. 


The  question  of  the  number  of  personnel  required  as  an  operating  cost 
lacier  is  discussed  in  Part  IV,  page  122. 
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PART  IJ. 

THE  PROBLEM  OF  DATA  COLLECTION 


Th.e  first  major  job  required  of  an  ECIC,  before  it  could  provide  a 
question -answering  seivice,  is  that  it  collect  the  available  data  on  elec- 
tronic components  for  insertion  in  the  files.  This  will  be  a large  task,  and 
seme  of  its  ramifications  have  yet  to  be  explored.  Some  of  the  problems 
that  have  been  foreseen  are  discussed  in  this  section. 

The  principal  effort  for  at  least  the  first  year  would  probably  be  the 
collecting  and  processing  of  the  data  on  a few  selected  component  groups  . 
These  would  provide  the  raw  material  for  evaluating  (.1)  the  system' s 
ever -all  usefulness  and  («£)  the  efficiency  of  each  of  its  elements.  There- 
after, on  these  groups,  it  is  expected  that  new  and  revised  data  on  existing 
products  and  data  on  new  products  would  be  submitted  to  the  Center  on  a 
routine  basis.  How  this  might  work  is  illustrated  by  the  pictorial  presen- 
tation in  Figure  7. 

The  most  reliable  performance  data  on  electronic  components,  as  on 
any  product,  are  obtained  through  extensive  laboratory  tests,  supplemented 
and  verified  by  field  tests,  storage  history,  and  operating -experience 
records.  The  amount  of  such  information  determined  by  a manufacturer  or 
user  on  a newly  designed  product  depends  largely  upon: 

(A)  The  consequences  ot  the  product's  failure  in  service  — 

usually  the  likelihood  of  such  failure*  s causing  loss  of  lives, 
large  amounts  of  money,  and  business  for  the  manufacturer 

(2)  The  cost  of  making  the  tests  a~'d  of  collecting  and  evaluating 
the  data 

(3)  The  time  required  to  evaluate  the  performance  characteristics 

(4)  The  time  available  before  the  product  must  be  in  use  co  ac- 
complish the  purpose  for  which  it  was  designed. 

Somewhere  along  the  line,  for  each  new  product,  someone  must  decide  upon 
the  proper  balance  among  these  considerations.  These  decisions  determine 
the  amount  of  data  that  may  be  collected  on  the  product  eventually.  In  the 
case  of  electronic  components,  it  is  hoped  that  all  such  data  pertinent  to 
design  considerations  may  be  inserted  in  the  ECIC  files  eventually. 
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But  where  w;ll  the  information-  be  found?  The  first  places  to  loQk,  of 
course,  would  be  in  the  manufacturers'  catalogues,  design  details,  test 
records,  and  field  service  reports. 

The  next  likeiv  places  would  be  users'  test  reports  ana  service 
records.  Where  the  prime  purchaser  is  a government  agency,  the  latter's 
acceptance  test  reports  are  a valuable  source  of  data,  whether  the  tests 
were  made  in  the  manufacturer' s own  plant  or  in  a government  or  privately 
owned  testing  laboratory. 

Catalogue  information  will  be  comparatively  easy  to  obtain,  but  not  all 
of  it  will  be  easy  to  interpret  accurately.  Often  the  test  data  presented  in 
catalogues  are  not  accompanied  by  designations  of  the  test  methods  used. 
Sometimes  the  nomenclature  is  not  clear,  and  complete  definitions  seldom 
are  included.  In  many  instances,  the  units  used  in  test  values  have  more 
than  one  possible  interoretation.  Therefore,  most  catalogues  are  good 
sources  for  only  such  information  as  manufacturer,  catalogue  number, 
component  name,  primary  ratings,  weight,  dimensions,  appearance,  and, 
sometimes , materials  used  and  price. 

Performance  characteristics,  especially  those  concerned  with  out-of- 
the -ordinary  operating  conditions,  a.re  in  the  realm  of  hard-to-get  data. 
Some  of  the  reasons  for  the  difficulty  are: 

(1)  The  test  specimens  used  in  determining  the  characteristics 
may  not  have  been  representative. 

(2)  Proven  test  methods  may  not  always  exist. 

f Vl  The  data  mav  be  filed  in  some  obscure  location  or  mav  be 
lost, 

(4)  Many  of  the  tests  necessary  to  provide  the  needed  data  may 
not  have  been  made  at  all.  due  to  the  time  and  expense  in- 
volved. Th'.s  would  make  turtber  test  programs  necessary. 

(5)  "Life"  tests,  those  valuable,  yet  often -lacking,  evaluations, 
are  nearly  always  expensive  and  time -consuming,  and  they 
usually  destroy  the  specimens. 

One  probable  result  of  ECIC  operation  would  be  to  highlight  the  need  for  ac- 
quiring  more  and  better  performance  data  on  electronic  components. 
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TAtov  y records  were  searched  meticulously,  and  further  tests  were  made 
to  provide  the  missing  parts  of  the  necessary  data,  the  complete  picture  of 
a component'  s performance  could  be  documented  and  stored.  With  the  ECIC 
acting  as  a clearing-house  for  reliable  component  data,  a user  of  the  EC1C 
should  be  able  to  confine  his  teat  programs  primarily  to  the  assembled 
equipment;  he  could  reduce  the  proportion  of  time  spent  on  component  test- 
ing. Should  minor  changes  in  design  or  materials  for  a component  bn  made, 
only  parts  of  the  testing  program  would  have  to  be  repeated.  The  resulting 
data  couid  then  be  added  to  the  existing  punched -card  information  on  that 
component.  Major  changes  in  design  probably  would  result  in  the  manu- 
facturer's designating  a new  component,  the  original  one  being  classed  ns 
obsolete.  To  enter  these  data,  a new  set  of  cards  couid  be  punched.  Both 
new  and  ■revised  inforrp.^tion  could  1?*?  2TxC.dc  svw^lwbli 
users  soon  after  being  transmitted  to  the  ECIC, 
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Methods  of  Obtaining  Data 


Until  the  ECIC  became  well  known,  the  input  data  would  have  to  be 
collected  by  ECIC  personnel  making  direct  requests  (letter,  wire,  or 
telephone)  to  prospective  sources.  Some  of  the  requests  would  have  to  be 
followed  by  personal  visits. 

It  appears  that  the  most  effective  initial  procedure  would  be  to  ask 
manufacturers,  and  certain  outside  laboratories,  to  supply  only  chose  data 
that  are  not  in  catalogues.  Catalogue  data  may  be  obtained,  as  in  the  past, 
through  the  normal  che?-  .vis.  Tabulations  of  all  data  approved  for  punching 
on  cards  could  be  sent  to  the  manufacturer  for  verification.  The  bulk,  of 
communication  in  the  early  stages  nf  ECIC  operation  could  b«»  by  mail 

and  personal  visits,  with  use  of  telegraph,  teletype  or  telephone  where 
greater  speed  was  advisable.  It  is  expected  that  the  teletype  and  letters 
would  be  used  to  a greater  extent  under  full-scale  operation  of  the  Center, 
when  only  data  on  revisions  or  new  products  would  be  coming  in. 

Aids  to  this  data -collecting  job  have  been  devised.  Data  Collection 
Sheets?  such  those  »h.  »•*.•«  on  pages  ei  through  91  for  capacitors,  have 
beer,  designed  to  simplify  entry  of  data  for  each  component.  These  sheets 
combine  parts  of  the  ECIC  code",  data -insertion  sheets,  and  definitions. 

The  same  technique  could  be  applied  to  the  other  component  groups.  These 
data  sheets,  together  wifi  detailed  instructions,  couid  be  sent  to  the  various 
data  sources  with  the  requests  to  have  the  data  filled  in. 

The  design  of  these  ECIC  data -insertion  shee  ts  is  such  that  the  work 
required  to  fill  in  the  data  wcv.H  be  the  minimum  consistent  with  com- 
pleteness ana  accuracy.  For  instance,  trie  person  filling  in  the  dere  ic  not 
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I standards,  but  only  to  indicate  which 
»•  be  answered  '.vUh  a single  number,  a 
ia?K,  The  werk  would  require  supervision 
ornponent  in  question,  but  an  engineering 
“ details. 


Compared  with  getting  out  a new  brochure  or  catalogue,  for  instance, 
supplying  data  to  the  EC1C  would  be  a comparatively  simple  job,  (This 
statement  does  net  imply  that  contributors  to  the  F.CIG  data  filrs  could  do 
away  with  catalogues,  but  merely  gives  some  idea  of  the  relative  efforts 
involved,)  Once  the  ECIC  were  in  iuii-scale  operation,  it  is  expected  that 
submitting  data  would  become  largely  routine. 


Educational  Program  Essential 


It  is  well  recognised  by  all  concerned  that  sufficient  input  data  to  make 
an  ECIC  question -answering  service  practical  cannot  be  collected  overnight. 
The  system’ s advantages  to  industry  and  to  the  Armed  Forces  must  be 
der.iOuStraicd  and  publicized  first,  A thorough  educational  program  would 
be  necessary  to  interest  all  those  whose  electronic -component  data  should 
be  entered  in  the  ECIC  files.  Some  will  have  io  be  shown  that  an  ECIC 
would : 

(1)  Be  an  asset  to  their  business 

(2)  Deal  in  facts,  and  not  in  opinions 

(3)  Not  disclose  information  concerning  any  manufacturer’ s 
product  that  could  be  used  to  advantage  by  a competitor 

(4)  Be  a worth-while  contribution  to  industrial  and  economic 
progress 

If  the  small  sampling  oi  opinion  already  made  is  any  indication,  education  — 
not  argument  — will  be  the  chief  ingredient  required. 
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PART  III 


DEVELOPMENT  OF  TEST  IviE'i  iiOO-f 


Two  unrelated  test -method  -development  programs  were  included  in 
the  research  project;  (a)  automatic  testing  of  resistors,  and  (b)  lile 
testing  of  r e sister a . Their  objectives  were  separate  and  distinct,  and  Lucy 
were  carried  or  during  different  periotic.  The  first  was  performed  during 
the  first  nine  months  of  the  project  — January,  1949,  through  September, 
1949.  The  objective  of  this  work  was  to  develop  and  construct  equipment 
(1)  to  test  electronic  components  and  (2)  to  record  the  data  obtained,  all 
automatically.  The  other  testing  phase  was  in  effect  between  October,  1950, 
and  November,  1952.  Its  objective  was  to  develop  methods  of  testing  com- 
ponents whereby  test  data  under  unusual  operating  conditions  could  be  ob- 
tained . 


Development  ol  Methods  for  Automatic  Testing 


The  result  of  the  work  devoted  to  automatic  testing  of  components  was 
a prototype  testing  system,  Figure  8.  This  system  consisted  of  (a)  an 
envitonmen'tal  chamber  to  condition  components,  (b)  a hopper  or  test  rack 
to  hold  resistors  inside  the  chamber  and  automatically  feed  them  in  se- 
quence to  the  measuring  leads,  (c)  a method  of  measuring,  consisting  of  a 
bridge  to  determine  the  resistance  value  of  the  resistors,  (d)  an  indicating 
recorder  to  prepare  a permanent  record  of  the  measurements  made,  (e)  an 
analyzer  to  count  the  number  of  units  with  values  that  fall  into  selected 
brackets,  (the  analyser  also  helps  prepare:  the  data  for  transfer  to  a card 
punching  unit),  and  (f)  a card -punching  unit  to  punch  the  values  read  by  the 
bridge  into  machine -pvnened  cards.  (The  card  punch  used  in  the  prototype 
was  a Remington  Rand  Model  3 punch). 

The  first  testing  phase  of  the  contract  was  concluded  upon  completion 
of  the  prototype  automatic  testing  system.  Details  of  the  eopupmem.  and  its 
development,  including  sufficient  information  to  reproduce  it.  may  be  found 
in  the  following  reports  on  Contract  AF  33(038)-) 229: 


First  Interim  Engineering  Report,  February  28,  1949,  pages 
9 througn  11 

Second  Interim  Engineering  R. c p c r t , April  2-8,  1949,  pages 
.9  through  24 

Fifth  Interim  Engineering  Report,  October  28,  1949;  pages 
76  through  86  and  59  through  95 

Fleventh  Interim  Eng inec ri-g  Report,  October  <c5,  1950,  pages 
267  through  ‘J  ' 1 
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FIGURE  & AUTOMATIC  TESTING 
OF  ELECTRONIC  COMPONENTS 


Development  cf  i c.ii  Procedures  tz  determine  Life  Ratings 
of  EK-*- ironic  Components 


Means  oi  predicting  composition-resistor  life  at  high  ambient  temaer- 
a.Lures  were  studied  first  under  the  program  to  develop  life-test  specifi- 
cations. Use  was  made  of  short-time,  small-sample  testing  methods. 
Statistically  designed  life  tests  and  temperature -coefficient  measurements 
on  approximately  400  composition  resistors  were  made  at  no-load  conditions 
in  the  100  to  100  C temperature  range. 

A second  study  v/as  made  on  the  dependence  of  the  electrical  charac- 
teristics of  capacitors  on  temperature.  Capacitance,  dissipation  factor, 
d-c  resistance,  arid  dielectric  absorption  were  the  criteria  tested  over  the 
temperature  range  of  100  to  250  C.  Two  types  of  capacitor  were  tested: 
1000-Jupf molded-mica.  and  500 -^f  tubular  impregnated  paper. 


Details  of  the  work  <_>n  test  • procedure  development  are  contained  in 
the  follov'ing  reports  on  GouLact  AF  31(Q38)-1229,  RDO  No.  R-]  12-140; 


Thirteenth  Interim  Engineering  P.eport,  September  30,  1951, 
"A  Study  of  the  Prediction  of  Composition-Resistor  Life" 

Supplement  to  the  Thirteenth  Interim  Engineering  Report, 
February  29,  1952.  "A  Study  of  the  Prediction  of  Predried 
Composition-Resistor  Life" 

Fourteenth  Interim  Engineering  Report,  October  30,  1952, 

"A  Study  of  the  Behavior  of  Capacitor  Characteristics  at 
Elevated  Temperatures" 

WADC  Technical  Report  53-149,  July  1953,  "A  Test 
Procedure  for  Snort  Life  Rating  of  Composition  Resistors" 


Objectives  arid  Problems  With  Reference  to  Resistors 


The  long-range  objective  ox  this  work  was  to  establish  a set  of  pro- 
cedures for  predetermining  the  shori-term  life  of  electronic  components 
operated  under  any  conditions  of  ambient  temperature,  load,  altitude, 
humidity,  and  vibration.  In  the  process  of  study  and  development  on  this 
problem,  and  in  the  evaluation  of  the  procedures  developed,  many  new 
problems  were  uncovered.  Ideas  and  guides  for  solving  or  circumventing 
these  problems  were  conceived.  Many  of  these  guides  or  methods  of  attack- 
are  genera!;  i,  e.  , they  ecu  id  be  applied  to  many  electronic  components. 
This  section  discusses  the  more  important,  of  these  problems  and  offers 
suggestions  and  general  guides  for  the  extension  of  these  procedures  to 
ether  electronic  components. 
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The  ma  jor  problems  encountered  m the  shmeni  of  shor 

life  testing  procedures  for  composition  resistors  were: 

( i)  The  many  comoinations  of  variables  influencing  life 

:vui;-  ^ wiimuun  ui  uic 

(3)  The  wide  variability  of  life 


v4)  The  difficulty  in  achieving  truly  representative  sampling 

(3)  The  large  effect  of  component  storage  history  and  con- 
ditioning methods  on  life. 


Variables  influencing  Life.  Perhaps  the  most  difficult  problem 
fronting  the  EC1C- system  planners  is  the  multitude  of  variables  that 
fluence  the  life  of  electronic  components. 


tun- 


Suppose  we  wish  to  obtain  the  life  of  a component  under  the  following 
conditions: 


(I) 

t:>) 

(3) 

(4) 

(5) 


Ambient  temperature:  40,  100,  140,  180,  220,  and  260  C 

Load:  0,  1/2,  1,  1-1/2,  and  2 times  rated  load 

Altitude:  0,  30,  000,  and  60,  000  feet  above  saa  level 

Humidity:  0 (low)  and  95  to  100  per  cent  relative 

Vibration:  0,  30,  and  100  per  cent  of  some  maximum 
vibration  amplitude 


(6)  Storage  hurtory:  moisture-conditioned,  indeterminate 

(after  a year  or  more  of  typical  storage),  dried,  and  kept 
in  a desiccator. 


It  would  be  unrealistic  to  test  all  the  conditions  of  one  variable  at  only 
one  particular  value  of  each  of  the  other  variables.  There  is  no  assurance 
that  a relation  between  temperature  anH  life,  established  at  se*»  level.  will 
hold  trup  at  an  altitude  of  bO,  000  feet.  There  are  many  known  "variable 
ir.te  ructions" . 


To  determine  the  life  of  the  component  under  all  combinations  of  the 
above  test  conditions  would  require  6x5x3x2x3x3  = 16Z0  tests  to  be 
performed.  If  only  ten  components  were  used  to  establish  mean  values  for 
earn  test,  i 6,  200  components  would  be  required.  The  number  of  com- 
ponent ~ to  be  tested  becomes  important  with  expensive  components,  since 
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most  life  tests  destroy  the  specimens;  hut  the  major  cost  of  the  1620  tests* 
would  he  the  time:  and  effort  required  to  perform  them  (considering  that 
these  are  life  tests).  * 


The  ideal  testing  program  would  be  a compromise  between  the  two 
extremes.  The  program  should  be  extensive  enough  to  provide  useful  and 
accurate  information,  yet  not.  require  an  impractical  amount  of  testing.  It 
is  believe;;  that  any  approach  that  eliminate?,  a large  amount  of  testing  by 
supplying  conservative  (rather  than  "actual")  life  data  is  preferable,  if  the 
loss  of  informatioii  is  not  too  great.  The  basic  approach  used  for  the  re- 
sistor test  procedure  is  consistent  with  this  philosophy.  The  test  procedure 
presented  in  WADC  Technical  Report  55-549  for  composition  resistors  is 
the  result  of  such  a compromise.  This  procedure  requires  only  1500  re- 
sistors of  a given  size,  type,  and  manufacturer.  This  approach  is  sum- 
marized in  the  following  paragraphs. 


Almost  all  of  the  life  testing  prescribed  in  Ihe  detailed  procedure  is 
to  be  carried  out  under  temperature  stress  alone.  Curves  of  life  as  a 
function  of  temperature  at  no  load  are  to  he  obtained  and  will  provide  the 
basic  Hie  information.  Then,  by  a series  of  "load  versus  altitude"  tests, 
which  are  not  life  tests,  surface  temperature  would  be  obtained  for  the  re- 
sistor as  a function  of  load  and  altitude.  A few  lead-life  tests  are  to  be 
made  then  under  the  most  severe  conditions  likely,  and  a temperature 
factor  of  safety,  to  be  applied  to  the  surface-temperature  data,  is  to  h** 
obtained.  The  latter  would  be  done  by  comparing  the  no-load  temperatures 
required  to  produce  the  same  life-times  with  the  measured  surface  temper- 
atures. To  ensure  conservative  results,  the  temperature  factor  of  safety 
would  be  obtained  under  severe  load  and  altitude  conditions,  from  the  view- 
point of  producing  maximum  temperature  rise  in  the  resistor. 


Humidity  and  vibration  are  considered  in  tb’S  procedure  only  to  the 
extent  of  determining  whether  the  lives  are  affected  ny  these  variables.  If 
it  develops  that  these  variables  greatly  influence  the  life  of  most  resistors, 


is  suggcstco  ;-,ai  severe  vibration  and/or  humidity  stress  levels  be 
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selected  and  applied  throughout  the  no-load  life  tests;  the  results  obtained 
should  then  be  conservative  for  almost  any  other  values  of  humidity  and 
vibration. 


Starting-point  information  for  all  the  life  testing  is  obtained  by  running 
a 1-hour  no-load  temperature- stress  strep  test.  **  Nsxi,  high-temperature 
short-term  live3  are  determined,  and  then  ihe  more  expensive  long-term 
tests  are  conducted.  This  sequence  leads  to  efficient  use  of  the  knowledge 
gained  at  the  shorter  lifetimes. 


* Over-all  experience  ir>  specification  testing  by  :1k:  Armed  Forces  indicates  the*  v/risg*  labor  costs  are 
of  the  oide,  of  10  sr-an-hours  for  each  component  'ested, 

**  Jc  renew  it,  A.  F. , and  v.\  T. , Jr. , "The  Stiv.u'Step  Method  of  Obtaining  Short-Term  Life 

Ratine*  on  Electronic  Components",  Pioc.  NatL  Flec-aonics  Conf. , 3,  267  (1952 V 
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A further  viewpoint  in  developing  the  proteduie  has  been  th.it  test: 
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should  be  designed  with  the  yrubablc  applications  in  mind, 
applications  call  for  continuous  operation  of  resistors  beyond  ? hours ; s ■ 1 
testing  for  larger  lifetimes  is  set  up  for  cycling.  A basic  stress  cycle  of 
2 hours  "on”,  l/?  hour  "off",  was  adopted  here.  Any  choice  is  necessarily 
arbitrary.  Furthermore,  the  "off"  period  is  not  critical  and,  with  proper 
precautions,  can  be  increased  to  avoid  round- the-clock  testing. 


Defining  Lite  and  Variability  of  Life.  One  of  the  first  requisites  in 
life  testing  is  to  arrive  at  a reasonable  definition  for  life.  For  a fixed  re- 
sistor, the  property  of  major  interest  is  the  resistance  value.  A secondary 
property  that,  may  be  of  importance  in  some  applications  is  the  noise  gener- 
ated by  the  resistor.  Aimost  all  other  components  have  more  charac- 
teristics that  must  be  considered.  For  example,  a capacitor  has  the  proper- 
ties of  capacitance,  dissipation  factor,  leakage  resistance,  absorption,  and 
break-down  strength,  anv  one  or  all  of  which  may  be  used  to  set  up  critera 
for  iiie. 


One  of  the  most  frequently  heard  suggestions  for  defining  life  is  that 
"when  a component  exceeds  its  tolerances  in  any  property,  the  life  is 
ended".  Although  any  definition  selected  will  be  arbitrary  to  some  degree, 
such  a definition  may  be  illogical.  Composition  resistors  have  specified 
tolerances  of  * 5,  ± 10,  or  ± 20  per  cent.  However,  there  is  usually  no 
difference  among  these  three  classes  of  resistors  ether  than  resistance 
tolerance.  In  fact,  the  5 and  10  per  cent  resistors  usually  are  obtained  by 
automatic  sorting,  leaving  a break  in  the  center  of  the  distribution  curve  of 
the  20  per  cent  resistors,  Thus,  in  the  dete rioraiion  process,  some  re- 
sistors would  have  only  a few  pay  cent  change  to  exceed  tolerance,  but 
others  could  change  by  2U  per  cent  before  exceeding  tolerance.  This  would 
add  several  orders  of  magnitude  to  the  variability  in  lives  and  thus  detract 
irom  the  value  of  the  life  ratings. 


Some  general  consideration*  to  be  kept  in  mind  in  choosing  a life 
definition  are: 

(i)  The  most  critical  property  (the  one  that  changes  most  with 
least  operating  stress)  should  be  considered. 

1.2)  me  definition  should  be  related  to  the  deterioration  process, 
reversible  changes,  such  as  those  due  to  temperature 
characteristic,  should  not  enter  into  the  life  definition.- 


(3) 


Other  things  being  equal,  relative  quantities,  such  as  per- 
centage change  in  critical  characteristics,  should  be  chomen 
so  as  to  give  the  least  variable  lifetimes,  as  well  as 
"reasonable"  lift  values. 
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Figure  9 portrays  the 
resistor  manufactured  by 


typical  behavior,  under  temperature  stress-  r.f 
Ccrr.p-ny  "A".  The  surface  r<*mppratu re  of  the 


resistor  Hollowing  > use 1 1 low  In  an  oven  held 

upper  curve, 
curve. 


The  resistance  as  a function  of  time  is 


-CS*  15  * hov,'/:  I'f!  1‘h® 
shown  in  the  lower 


The  portion  of  the  lower  curve  lrom_a  to  b_is  reversible,  anu  ibis 
variation  should  no*  enter  into  the  iiie  definition.  A satisfactory  definition 
would  be  the  time  (t£  ~ if)  required  fo**  an  x per  cent  change  in  resistance 
from  the  initial  value  after  temperature  equilibrium  is  reached  at  _o.  In 
many  cases,  the  designer  may  not  be  cible  to  tolerate  the  magnitude  of  the 
reversibie  change  in  resistance  with  temperature  from  a to  b in  his  appli- 
cation. However,  this  type  of  decision  is  independent,  of  th*>.  life  of  a re- 
sistor ar-d  may  be  determined  in  a straight-for ward  manner,  without  life 
testing.  Typical  data  of  this  type  are  shown  in  Figure  10. 


in  the  procedure  that 


followed,  5 per  cent  change  was  rho^en  arbi- 


trarily as  the  criterion  for  life  of  a composition  resistor.  Some  of  the 
experimental  resistor  work  indicated  that  a lower  value,  say  1 to  3 per  c**nt, 
would  have  given  less  variable  life  data.  The  data  are  not  conclusive,  how- 
ever, and  a low  per  cent  change  requires  more  accurate  resistance 
measurements.  It  is  almost  certain  that  lower  percentage  values  will  be  in 
order  for  carbGn-film  and  wire-wound  resistors. 


Representative  Sampling  Destruction  of  samples  that  are  life  tested 
makes  statistical  methods  of  testing  imperative.  Further,  the  samples 
chosen  must  be  representative  oTthe  manufacturer' s production,  in  order 
for  results  to  be  meaningful.  The  immediate  question  is  '‘How  may  repre- 
sentative samples  be  obtained?"  (Manufacturers  of  resistors  could  offer  no 
easy  answers  when  consulted  on  this  problem). 


The  major  difficuitv  is  that  the  short-term,  high-temperature  life  of 
resistors  is  not  controlled  by  the  manufacturer.  Hence,  there  is  no  as- 
surance that  oa.cn  changes  will  not  produce  radically  different  shors.-i.sr.m- 
life  characteristics.  The  only  way  so  far  envisaged  to  overcome  this 
problem  is  to  sample  at  successive  intervals  of  time  and  to  check  continually 
at  least  one  very  short-term  life  (such  as  1 hour)  and  one  relatively  long- 
term life  (such  as  near  50  hours)  cn  the  successive  samples.  The  reason 
for  the  two  tests  is  the  probability  that  different  mechanisms  of  failure  are 
operative  at  the  higher  and  lower  temperatures.  Then  techniques  of  calcu- 
lation based  on  quality-control  procedures  would  allow  assignment  of 
minimum  values  for  the  characteristics.  This  testing  at  intervals  would 
have  to  continue,  unless  the  manufacturer  were  in  a position  to  bring  these 
charasete riaiit.s  under  Control. 
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RESISTORS „ NO  LOAD  a-?i* 


Storage  History  and  Conditioning  Methods.  in  assigning  life  ratings, 
it  «'Aiiirf  mnst  desirably-  to  avc.-i  entirely  the  probl*-  m-.  oi  coriui.tii>"-r.g  rc- 
.1. ’ ho  nhvio’!;*  is  Ui at  any  ratings  assigned  should,  apply  to 

all  resistors,  regardless  of  their  past  history,  not  merely  to  resistors  that 
are  kept  "bone  dry”.  This  argument  presents  several  difficulties.  The 
primary  difficulty  is  that  the  moisture  content  radically  influences  the 
short-term  life,  the  temperature  characteristics,  and  the  variability  of 
these  Quantities  Further,  high  moisture  content  makes  the  resistor's 
short-term  life  closely  dependent  on  slight  variations  in  the  testing  pro- 
cedure. For  example,  the  life  of  resistors  with  high  moisture  content  be- 
comes extremely  sensitive  to  the  initial  rate  of  rise  to  the  temperatures. 

One  problem  here  results  from  the  different  materials  and  fabrication 
techniques  for  producing  various  composition  resistors.  Some  manu- 
facturers use  a wax  coating  to  protect  the  resistors  from  moisture  effects. 
As  long  as  this  coating  keeps  cut  the  moisture,  the  resistor  needs  no  con- 
ditioning, However,  once  exposed  to  ternpersitures  high  enough  to  disturb 
the  coating,  the  resistors  become  susceptible  to  moisture  effects. 

In  general,  much  longer  lives  at  high  temperatures  are  obtained  on 
dry  resistors  than  on  moist  ones.  A life  rating  obtained  without  specifying 
the  moisture  conditions  of  the.  resistors  would  be  of  little  value. 

Consider  this  example.  Suppose  new,  wax-coated  resistors,  well 
dried  before  coating,  were  tested  without  conditioning  and  gave  a life  rating 
of  IQ  hours  at  full  load  and  ZOO  C ambient  temperature.  Then  suppose  that 
a missile  designer  decided  these  resistors  were  good  enough  for  his  appli- 
cations. Later,  several  hundred  missiles  were  manufactured,  given  final 
ground  checks,  and  then  stored  against  the  day  of  need  Now,  assume  that 
the  storage  conditions  on  ground-operating  checks  produced  temperatures 
sufficiently  high  to  damage  the  v/sx  coatings  of  the  resistors.  Subsequently, 
storage  allowed  the  resistors  to  absorb  an  appreciable  amount  of  moisture. 
With  this  absorbed  moisture,  the  average  life  at  fui;  ioad  and  200  C would 
be  on  the  order  ox  i/2  hour.  He  net,  when  fired,  a large  proportion  of  the 

ii*tSCilC“  mig*'*  tail  f rvnmyxfm  ee.erer t!v. 

This  hypothetical  illustration  shows  the  need  for  caution  in  the  estab- 
lishment of  procedures  and  life  ratings  for  high-temperature  use.  The  con- 
ditioning problem  must  be  faced. 


It  is  recommended  that  temperature  characteristics  and  life  ratings 
be  obtained  an  both  dry  resistors  and  moist  resistors.  Dry  resisto.fi>  should 
be  obtained  by  conditioning  resistor  samples  at  105  ± 5 C for  ICO  hours,  3.nd 
then  storing  them  in  a desiccator  until  tested.  Moist  resistors  will  be  ob- 
tained by  first  subjecting  them  for  1 hour  to  the  highest  temperature  at  which 
they  are  likely  to  be  used  (to  stress  whatever  coatings  may  be  present),  then 
subjecting  them  to  50  C at  95  to  100  per  cent  relative  humidi  ty  for  at  least 
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250  hours-  and  storing  them  in  this  environment  until  the  tests  begin.  Life 
rmioss  will  then  specify  the  moisture  content  (as  "dry”  or ’’moist”)  of  die 
resistors  io  which  they  pertain.  ?t  will  also  be  access** y i«  ulifair.  check 
measurements  on  resistors  in  the  ’’as-received”  state,  which  will  be  one 
of  indeterminate  moisture  content.  This  will  assure  that  neither  of  these 
procedures  improves  the  resistor  quality  (for  example,  oy  further  coring 
of  partially  cured  resins  used  in  the  composition). 


Summary  and  Problems  With  Reference  to  Capacitors 

It  is  believed  that  the  information  obtained  on  the  capacitor  program 
gives  adequate  assurance  that  life  rating  of  capacitors  is  possible  in  certain 
areas  of  operation.  The  possibility  of  developing  procedures  for  re  rating 
capacitors  for  all  applications,  however,  does  not  seem  feasible. 

The  rerating  of  capacitors  for  applications  for  which  the  capacitance 
values  are  critical  does  not  seem  to  be  practicable.  This  would  include 
such  applications  as  precision  wave  filters,  in  which  the  capacitance  value 
must  be  known  with  an  error  of  less  than  1 per  cent.  The  variability  of  the 
temperature  coefficient  of  capacitance  is  too  large  for  such  precise  pre- 
diction. However,  high-temperature  conditioning  decreases  this  vari- 
ability considerably,  so  that  the  pcss»bilitv  should  not  be  discounted  com- 
pletely. 


In  such  applications  as  power-supply  filters,  in  which  the  capacitance 
value  is  not  critical,  life  rating  could  be  accomplished  with  very  little 
effort.  In  filtering  applications,  large  variabilities  in  capacitance,  leakage 
resistance,  and  dissipation  factor  could  be  tolerated.  The  leakage  re- 
sistance probably  could  decrease  to  values  as  lov  as  10  megohms,  and  the 
dissipation  factor  increase  to  as  much  as  10  per  cent,  without  seriously 
affecting  circuit  operation. 

Life  rating  for  other  applications  in  which  the  capacitance  value  is  not 
critical  also  see“=  •'-asiblc.  Ir.  a coupling  application,  a fairly  large  in- 
crease in  capacitance  could  take  place  without  seriously  affecting  circuit 
operation.  In  this  application,  the  limitations  on  the  decrease  in  capaci- 
tance would  have  to  be  more  exacting,  as  such  circuits  usually  are  designed 
to  rather  close  tolerance.  For  this  reason,  too  large  a decrease  in  capaci- 
tance would  attenuate  the  signal  considerably.  Leakage  resistance  is  criti- 
cal in  this  application,  but  it  is  believed  that  a reduction  to  a resistance 
value  at  least  100  times  as  great  as  the  resistance  of  the  grid  resistor 
could  be  tolerated  without  seriously  affecting  operation.  Capacitor  noise 
should  also  be  considered  in  evaluating  capacitors  for  this  application. 

The  possibility  of  devising  accelerated  tests  to  reduce  the  amount  of 
testing  required  for  obtaining  rating  information  seems  well  wc-rib  mvesti- 
gatiori.  In  such  a testing  program.,  qualify  criteria  would  have  to  be 


o 
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investigated  and  evaluated.  The  rates  ot  deterioration  observed  under  one 
condition  might  very  wei!  be  extrapolated  .c-  include  other  conditions. 
Trends,  such  as  the  rate  of  decrease  in  quality  as  2 function  of  temper- 
ature, should  be  evaluated.  Sufficient  data  were  obtained  in  the  tests  per- 
formed or;  this  program  to  show  that  the  rates  of  variations  of  the  measured 
characteristics  were  dependent  on  temperature.  Further  investigations 
would  have  to  be  made  to  determine  whether  these  variations  followed  sny 
set  patter. 1 that  would  render  them  predictable. 


Absorption  and  dissipation  factor  appear  to  be  the  natural  phenomena 
for  describing  capacitor  quality.  Absorption  is  a difficult  and  time- 
consuming  characteristic  to  measure.  The  results  obtained  are  relative, 
and  run  have  rneanincf  nnlv  if  correlated  with  annlicntions; . and  if  inter- 

- 1 i#  / * • 

related  with  other  characteristics.  In  the  study  of  impregnated-paper 
capacitors,  capacitance,  dissipation  factor,  and  d-c  resistance  were  af- 
fected by  changes  in  the  absorption  properties.  Therefore,  the  study  of 
absorption  should  be  made  by  observing  its  effect  on  the  other  charac- 
teristics. 


The  dissipation  factor,  as  measured,  is  a result  of  two  types  of  loss 
that  take  place  in  the  capacitor  — the  absorption  and  the  conduction  losses. 
The  amount  of  absorption  cannot  be  evaluated  by  means  of  its  effect  on 
capacitance  because  of  the  variable  time  factor  involved  in  bridge  measure- 
ments. However,  observation  of  tne  leakage- resistance  behavior  is  a very 
good  means.  The  steadv-stste  value  of  the  leakage  resistance  will  provide 
information  on  the  portion  of  the  dissipation  factor  that  is  attributable  to 
enmiurtinn.  The  rate  of  chancre  in  leakage  resistance  v/ill  orovide  ir.for- 

— — — — ' w w s. 

mat  ion  on  the  absorption. 

Rapid  changes  in  absorption  and  dissipation  factor,  caused  by  the  re- 
moval of  moisture  and  volatile  materials,  have  already  been  observed  in 
studies  of  csp'icitor  quality.  It  is  believed  that  testing  these  characteristics 
will,  measure  slow  deterioration. 


The  task  of  establishing  short- time-life  ratings  on  capacitors  is 
indeed  « itid  ccnijjlicstsd  one.  Much  fm* tht?  m\ist  be  done ^ 

preferably  of  a fu uuai u€ut&l" study  nature;  s iuCc  the  d idee  trie  problem  is 


nearly  «*!.!  other  components. 


Guides  and  Suggestions  for  Extension  of  the  Short- Time- Lite 
Rating  Procedures  to  Other  Componenfcj 


Ct.rbon- Film  aid  Wire-Wound  Resistors.  It  is  believed  that  these 
procedures  can  be  extended  directly  tc  carbon— film  and  wire-wound  re- 
sistors. However,  it  will  undoubtedly  be  advisable  to  modify  the  percentage 
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change  of  resiblance  m the  life  definition  to  1 p cent  for  carbon-film  re- 
fistnr?  and  0.  5 per  [u r wi rs- wound  res;*!.»rs,  To  do  this,  it  w 11  be 

necessary  to  increase  resistance— measurement  accuracy  requirements  to 
A 0.0  5 pe  r C“r'i . 


Variable  Pesistors.  The  extension  of  ihe  procedures  described  to 
variable  resistors,  potentiometers,  volume  controls,  etc.  , should  be 
possible  by  presc-ibing  that  the  no-ioaa  - tempc x am  re  life  tests  be  per- 
formed with  a steady  rats  of  rotation  (or  alternation)  of  the  wiper  blade, 
this  rate  should  exceed  likely  service  values.  Contact  noise  becomes  an 
additiontil  property  that  must  be  studied,  and  perhaps  used  in  the  life 


T ransformers.  It  is  believed  that  electronic  power  tranfAnmers  can 
be  handled  by  procedures  similar  to  those  for  reststors,  with  the  compli- 
cation that  the  dielectric  properties  of  the  insulation  undoubtedly  be 

critical  in  the  life  definition.  The  basic  philosophy  of  riving  at  lead- 
altitude -temperature  lives  (through  no-load  life  data  as  a function  of  temper- 
ature and  temperature-rise  data)  should  apply.  The  no-load  - temperature 
life  data  should  be  obtained  under  severe  temperature-cycling  conditions 
that  stress  (through  expansion  and  contraction)  any  fine  wire  present. 

With  these  more  complicated  components,  the  difficulty  of  separating 
catastrophic  and  gradual  failures  will  become  severe.  The  most  promising 
hope  of  solution  lies  in  a laboratory- study  approach. 
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PART  IV 


ESTIMATED  COSTS  OF  BUILDING  UP  AND 
OPERATING  AN  ECTC 


An  ECIC  operating  at  full  scale  will  require  a large  initial  investment 
and  a large  budget  for  operation.  These  costs  were  estimated  and  are 
presented  here  lor  two  separate  methods  of  obtaining  cost  information. 


The  first  method  used  in  estimating  costs  was  to  consider  the  initia- 
tion and  initial  operation  of  the  ECIC  as  a research  problem.  Then  the 
costs  were  based  primarily  on  the  number  of  engineers  estimated  to  be 
needed  to  set  up  and  start  operations  of  the  EC-TC  system  successfully  fny- 
a single  component.  Necessary  assistance;  supplies,  equipment,  arid 
ci i he r expenses  were  estimated  on  a per -component  basis.  These  figures 
were  totaled  for  all  the  components  being  processed  at  a certain  time.  By 
this  method,  it  was  possible  to  calculate  the  approximate  total  cost  of  build- 
up of  the  ECIC  at  any  ucs.red  rate.  A suggested  program  for  the  build-up 
is  given,  and  the  estimated  costs  tabulated. 


The  second  method  of  estimating  costs  is  based  on  an  operational 
analysis  of  a fully  operating  ECIC.  An  operating  model  of  the  system  was 
visualised  and  analyzed  ir.  detail.  The  rates  of  work  of  individuals  and 


costs  for  ea.cn  UsK  were  Cbuiualcu,  Two  iaUa  of  uC2»gO  Cl  the  0V6i  - oii 
ECIC  system  by  questioners  were  postulated,  and  costs  were  calculated  for 
each  rate. 


The  two  methods  provide  estimated  annual  operating  cost  figures 
within  about  20%  of  each  other  (Si,  540,  000  vs  Si,  200,  000).  Different  ap- 
proaches to  basic  cost  elements  account  for  most  of  the  difference  in  the 
estimates.  It  should  be  noted  aiso  that  the  operational  analysis  used  >.  bv 
pc'  *'  ('.Jut  2*  direct  Idbcr  CC5tS  for  evsrh^^.d;  '..fhsrCnS  thf  ro  ch  a nprnarK 
used  45%.  In  the  former,  supervision  and  certain  machine  rentals  were 
included  as  overhead.  In  the  research  approach,  these  items  were  classed 
as  direct  operating  costs. 

It  should  be  understood  that  the  figures  presented  in  this  section  are 
estimates  only.  They  were  based  upon  operating  rates  considered  to  be  is 
realistic  as  are  possible  without  the  benefit  of  fuil-scai.e  operating  ex- 
perience, They  refer  to  1953  collars.  The  figures  are  believed  to  give 
a reasonable  picture,  for  planning  ouro-ases.  of  ECIC  operational  costs. 
They  definitely  show  the  sensitivity  ci  the  over-all  cost  to  the  various 
factors  affecting  it. 
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C o £■  l s oi  Build-Up  and  Initial  Op  oration 

Hi? 

. Preliminar y Remark** 

It  is  obvious  that  an  ECIC  cannot  be  placed  in  full-scale  operation 
instantaneously,  regardless  of  the  amount  of  money  expended.  It  seems 
obvious,  also,  that  there  is  a minimum  rate  ol  build-up  below  which  gross 
inefficiencies  and  creeping  obsolescence  wcuid  preclude  any  practical 
effectiveness.  Somewhere  between  these  extremes  lies  an  optimum  build- 
up rate  — determined  by  conditions  such  as  a national  emergency  or 
available  peace-time  funds. 

The  lower  limit  of  time  required  to  put  an  ECIC  into  effective  but 
limited  operation  would  be  that  necessary  to  collect  and  process  the  existing 
data  on  a single  component  group  — resistors,  for  example,  It  is  estimated 
that  the  data  on  one  component  group  could  be  inserted  into  an  ECIC 
efficiently  in  a Derinn  «•»  six  •non?-"'  one  year. 


There  is  a most  efficient  rate  at  which  the  ECIC  can  be  built  up.  The 
controlling  factor  appears  to  be  the  procuring  and  training  of  personnel. 
However,  it  is  unrealistic,  to  assume  that  every  detail  of  an  operation  as 
complex  as  that  required  for  the  ECIC  could  be  anticipated  correctiy  and 
planned  in  advance.  Tor  this  reason,  it  would  seem  expedient,  even  if 
trained  people  were  available,  to  build  up  the  operations  gradually,  so  that 
errors  sr.  techniques  could  be  caught  and  corrected  on  a relatively  small 
scale. 


The  cost  figures  provided  here  for  initiating  an  ECIC  are  based  on 
what  is  judged  to  be  the  most  logical  and  efficient  e of  build-up.  They 
pru» icie  for  adequate  training  and  growth  of  the  personnel  and  a 

parallel  growth  of  operations,  to  permit  adequate  study  of  operating 
methods  before  a large  commitment  is  made.  The  estimates  provide  for 
six  months  on-the-job  training  for  a new  engineer  under  supervision  be- 
fore he  is  allowed  independent  responsibility.  Tt  is  assumed  that  he  would 
then  train  a new  engineer  during  eacn  succeeding  six  months'  period, 
while  at  the  same  time  perform  other,  necessary  ECIC  tasks.  Thus,  every 
six  months  the  size  of  the  ECIC  staff  could  approximately  double.  If  an 
initial  operating  nucleus  of  si:-:  engineers  is  assumed,  the  technical  staff 
build-up  would  be  essentially  complete  after  30  months.  After  about  42 
months,  the  ECIC  could  be  in  nearly  full-scale  operation  on  all  the  widely 
used  components. 


the  estimated  costs  of  activ^tins  and  operating  » «= ; r, n ; <•  •'empenert 
group  for  an  ECIC  are  shown  in  Figure  i 1 The  costs  of  building  up  and 
operating  the  ECIC  for  all  components  were  obtained  by  adding  the  costs 
for  the  component  groups  being  processed.  These  data  are  summarized 
in  Table  4.  Figure  12  shows  a recommended  rate  oi  build  up  of  activity 


on 
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component  groups.  Figure  13  shews  personnel  requirements.  Figure  14 
illustrates  how  the  cumulative  monthly  costs  would  rise  at  that  rate,  The 
rate  1=  the  «j  c lieved  to  be  most  efficient,  as  it  provides  for  a cvmpre- 
nensive  ir Kiiiuig  ];»uSisn.  fer  ss k p-rso""*!. 

It  should  be  noted,  that,  in  actual  practice,  personnel  would  function 
more  efficiently  as  the  system  grows.  Therefore,  the  costs  indicated  is 
Figure  13  may  S»?  considered  conservative  and  subject  to  revision  dewn- 
™* »<jt  However,  if  a rate  of  tuild'Up  di  sn  ECIC  faster  than  that  shown  in 
Figure  12  is  attempted,  operating  inefficiencies  would  occur  during  the 
early  stages  and  the  figures  would  have  to  be  revised  upward. 


Details  on  Costs  of  Building  Up  an  ECIC 


Cost  RequifCiitcrda  iOj.  a 

mate u COSu-5  £€£  CyHiPO 

tot ~ 1 fl'wwn  i**  F i cv^rf  i I . 

manpower,  overhead,  machine 
services,  «nd  miscellaneous. 


«««  rivetim  T‘h»  total 

x.  


«~<i  the  yariou*  factors  rnskiss  uo  tills 
The  following  cost  factors  are  included  — 
purchase  and  rental,  travel,  technical 


The  manpower  cost*1  from  Figure  1 1 is  $3550  per  month  per  com- 
ponent group  for  the  first  year  and  $2125  per  month  for  the  second  year. 
Overhead  has  been  estimated  at  45  per  cent  oi‘  these  costs. 


The  estimated  manpower  and  types  of  personnel  required  to  build 
up  an  ECIC  on  a single  component  group  are  shown  in  Table  1.  At  least 


TABLE  i.  ESTIMATED  MANPOWER  REQUIREMENTS  TO 

MTCNENT  GROUP 


Type  of 
Personnel 

First  Year 

" 1 ^=>— -i-  ---i 

Second  and  Following  Years 

Number  of 
Man  Years 

Cost 

ra  % # it. 

re  r iviuaui 

Number  of 

•«.  r v 

man  x cai  o 

Cost 

u -a-  ■» 

<*  V * <i»*  « 

Super  visor  y 

3/5 

$ 600 

3/ 10 

$ 300 

Engineering 

3 

1950 

1-1/2 

975 

Technician 

2 

700 

"*V 

4. 

700 

s _ • . _ J 

> u ai 

* 3 i tL 

A“  i/  J 

inn 

-/ W V 

3 / £ 

150 

Total 

/ / /e 

b-**/  o 

$3550 

4-4/10 

$2125 

These  costs  include  rslsrles;  vegcr;  sccruil  for  vacation,  holiday,  a;«i  sick  io-Vi  puy:  pcu;i>.a*i  ead  social 
security. 
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answering  service  was  jusi  being  set  up.  The  necessary  supervisory, 
technician,  and  clerical  personnel  would  bring  the  total  to  about  6-4/ 5 
persons. 

During  the  second  year,  activity  would  consist  mainly  of  question- 
answering  service  and  of  keeping  the  input-data  file  up  to  date.  This 

t i -1/a  engineers.  lota!  personnel,  including  super  — 


y.»m  1 1 r\ 
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visor  y,  technician,  and  clerical,  would  be  about  4-4/10  persons.  The 
number  of  technicians  would  not  decrease  during  the  second  year,  because 
they  would  be  doing  most  of  the  routine  work  for  the  question-answering 
service. 

The  maximum  cost  of  machine  rental  has  been  estimated  at  about 
$710  per  month  for  a single  component  group  during  build-up  of  the  files. 
As  additional  component  groups  are  added,  the  prorated  machine  rental 
costs  during  build-up  would  decrease  to  about  $d7C  pei  mouth  per  com- 
ponent group.  Machine  costs  would  be  my ne r icr  the  first  component 
group  than  for  later  groups  because  the  minimum  number  of  machines 
could  not  be  utilized  to  full  capacity  by  the  work  on  a single  component 
group.  The  cost  per  component  group  would  go  up,  however,  during  the 
second  year,  because  more  equipment  would  be  required  for  question- 
answering  sei  v'ii>  than  for  eider  ing  data.  Although  the  costs  shown  in 
Figure  11  are  for  a single  component  group,  the  machine  charges  are 
based  on  the  maximum  estimated  ultimate  costs  of  $586  per  month  pet 
component  group.  The  estimated  rate  of  machine  use  for  r.ctivatinn  and 
initial  op^r^tioT!  of  an  ECIC  is  shewn  in  T«b!c  Z* 

The  cost  of  travel  (required  to  acquaint  the  suppliers  of  data  with 
ECIC  and  indicate  the  types  of  data  needed)  has  been  estimated  to  be  $300 
per  month  per  component  for  the  first  six  months,  $150  per  month  for  the 
second  six  months,  and  $100  per  month  after  that. 


The  miscellaneous  categn 


overs  co»,5  gi  mate  rials  and 

s,  and 


- * ^ eun.^01  jr  v v/  » o 1 j uvjp  to  :ua  it  j,  iais  auu 

such  as  punch  cards,  card  cabinets,  microfilm,  special  forms, 
reports.  This  cost  was  estimated  to  be  $150  per  month  per  com 
group  for  the  first  year  and  $100  per  month  for  the  second  year. 


supplies, 


ornponent 


It  may  be  seen  that,  after  the  backlog  of  data  had  beer,  collected  and 
entered,  the  operating  cusis  per  component  group  would  go  down. 


Costs  iar  R'ju.'i-tJp  o",i  Ope.  aiicr.  of  a Cornr*)ete  ECIC,  La  Older  1 c 


outain  an  estimate  of  the  total  cost  of  build-up  nnd  operation  of  the  ECIC, 
the  costs  estimated  for  a single  component  group,  Figure  il,  were  sum- 
marized for  all  component  groups.  For  this  purpose,  it  has  been  assumed 
that  there  wouid  be  a total  of  thirty- live  component  groups,  as  specified 
in  the  original  statement  of  work  for  this  project.  Although  a component 
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TABLE  2.  i.6  I IMA  ! L!>  MON  ! III.Y  MAC  UNF-RENTAL  PER  COMPONENT 
vROUr  FOR.  SliiLu  -Lif  Ar'D  INiTIaL,  OPERA TiON 


- 11  1 

^4ar«  iJ"~  ' -rr  =aa 

Number  of  Con.Donerus 

- First  Year 

Number  of  Components  - Routine 

First 

Twelfth 

First 

Twelfth 

Name 

Component 

Component 

Component 

Component 

Card  punch 

t 

i/  j 

X 

t / r> 

x;  v 

Monthly  rental 

$60 

$20 

$60 

$10 

Cara  verifier 

Number  of  machine: 

0 

1/3 

0 

1 /£ 
* f « 

. _ 1 

muuiiiir 

fi-V 

O 1 A 

fiv 

Electronic  statistical 

Number  of  machines 

1 

1/8 

1 

1/4 

Monthly  cent*! 

£*242 

$no 

$242 

$60 

Sorter 

Number  of  machines 

0 

i/4 

0 

1/2 

Monthly  rental 

$13 

$25 

Col ’.a  tor 

at  . i . . . e . « • 

i*i  til ! UC I Ol  {fliCDinCI 

i 

1/8 

1 

1/2 

Monthly  rental 

$209 

$28 

$209 

Si  05 

Caxdatype 

Number  cf  ’riich’ p,®' 

t 

n fl  /«> 

v V*'4-/ 

4 

A /I  S 

V \Xf 

Moaihiy  rental 

$137 

$137 

Tabulator 

Number  of  machines 

0 

1/12 

e\ 

1/10 

Monthly  rental 

*67 

$67 

Card-:;  tape  punch 

(5  channel) 

*.t. i . ,.f  _ . . ».•_ 

mmiLfCl  V#i  iiibCiaili.a 

0 

I/O 

) 

1/4 

Monthly  rental 

$18 

$35 

Reproducer 

Number  of  machines 

0 

1/8 

0 

1/8 

Monthly  rental 

$S 

$9 

Subtotal  monthly  rental 

$648 

$205 

$648 

5321 

Tele  type 

65 

S5 

65 

65 

Total  monthly  renijl 

$713 

sssr»t.* a»iSBa«5Kg:. 

5270 

$713 

$386 
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First  T 

SC7 

Sacasa 

T*r22 

DJ.Sur* 

DaMor* 

Doiisrt 

"•‘fas 

Pot 

Pat 

P#r 

Pat 

MRftSSTR 

Y sc* 

« 1 

W . 

.1-  it 

•wmw* 

miUeSUiMOM 

ii5T- 

i,SDG 

oiv 

*!<£*** 

*♦ 

o*»j  vvi 

m 

y/.<- 

T^.,.1 

5 ;-»»■,  #<v* 

225 

2.70C 

WO 

1,200 

3,?53 

MuhiiHi 

270 

3.240 

5?;6 

4,632 

7,tr*\ 

SS 

\\> 

Overh  ssd 

1,60>) 

».3 35 

9S$ 

11,460 

(45%  of  salorie*  ard  woa«i) 
kiariti  and  wojs* 

3, S&i 

. -Ai 

4/.WV 

£,  725 

At  ■■■L.V 

63, 

Tefal » 

5,795 

69,540 

3,666 

43,992 

113,532 

FIGURE  II. 


ESTIMATED  COSTS  OF  BUILDING 
FOR  * OHE-  COMPONENT  GROUP 


UP  AND  OPERATING  AN  EC!C 
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FIGURE  13.  PERSONNEL  REQUIREMENTS  FOR  AH  ECIC  (Freni  Tobl.  3) 
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FIGURE  U.  CUMULATIVE  COSTS  OF  THE  BUILDUP  AND  OPERATION  OF  AN  ECIC 
(iJsinj  the  Eluifilap  Rate  Rc  c crane  .id  ed  in  Figure  12) 


group  may  be  defined  i r.  various  ways  to  give  different  numbers  of  com- 
ponent group-;  the  irr.po riant  thin*  !•>  Lu  make  sure  r.nat  ail  components 
are  included  eventually.  Since  the  thirty-five  component  groups  would 
include  essentially  all  of  the  widely  used  components,  the  cost  figures 
given  here  should  be  considered  as  applicable  to  all  electronic  components. 


As  mentioned  earlier,  there  is  a rate  of  build-up  of  components 
which,  it  is  believed,  would  give  the  lowest  over-all  cost.  This  assumed 
rate  is  illustrated  in  Figure  iZ,  and  has  been  tabulated  as  the  left  hand 
parts  of  Tables  3 and  4.  Figure  1 2 shows  the  number  of  components  in 
each  of  three  stages  of  build-up  tor  each  six  months'  period  during  the 
data-insertion  phase  of  the  ECIC.  The  three  stagec  are- 

(1)  First  six-month  period  of  build-up 

(2)  Second  six-month  period  of  build-up 

(3)  Operation. 


rate  of  build-up  is  based  upon  r.’ne  size  oi  tne  initial 
technical  staff  and  what  has  been  judged  to  be  an  effective  training  period 
for  staff  additions.  Figure  13  illustrates  the  types  and  numbers  of 
personnel  needed  to  man  the  ECIC  if  it  were  built  up  at  ihe  rate  shown  in 
Figure  iZ. 


Figure  ib  shows  the  estimated  rate  at  which  component  groups  could 
be  added  most  efficiently  for  an  ECIC.  The  rate  shown  is  based  upon  a 
nucleus  of  six  engineers  The  size  of  the  group  would  approximately  double 
every  si.*-  months  until  the  total  necessary  technical  staff  would,  have  been 
procured  and  trained  — a period  of  about  thirty  months,  during  which  about 
fifty- four  engineers  would  have  become  available.  The  necessary  super- 
visory staff,  technical  assistance,  and  clerical  help  are  also  shown. 


The  number  of  people  in  each  category  estimated  to  be  needed  are 
tabulated  in  Table  3.  Ihe  last  three  columns  ot  the  table  show  the  daily, 
monthly,  and  yearly  costs  for  wages  and  salaries.  Figures  are  based  on 
pay  rates  as  listed  in  Table  1. 


The  total  estimated  cost  requirements  to  build  up  and  operate  an 
ECIC  are  shown  in  Figure  14  and  tabulated  in  Table  4.  These  estimates 
were  oi  taineu  by  summing  the  totaL  costs  per  comnonent  group,  as  shown 
in  Figure  i l.  acr.nr  te  the  rate  c.  build-up  show.,  in  Figure  1 Z.  The 
estimates  indicate  a total  initial  cost  rate  of  $!i,  600  per  month  while  two 
component  groups  are  being  inserted  into  the  ECIC  files.  After  data  on 
35  components  a a d beer,  inserted  anH  mud?-  ready  for  question-answering 


f rw  > r*  o ■* 


..  u - r ft*  1 ">  a : 
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would 

an  annual  operation  cost  of  about  $1,  540.  U 0 U . 
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Operations  Analysis  of  Operating  Co*i:» 


A different  approach  to  the  operating  cost?  of  an  ECIC  is  giver*,  by  an 
operations  analysis.  The  analysis  provided  bore  is  based  on  certain 
assumptions  regarding  the  amount  of  business  an  ECIC  would  handle. 

Since  the  costs  would  vary  a?  different  sets  of  assumed  values  are  used, 
the  analysis  is  worked  out  in  detail  for  two  different  rates  of  activity. 
However,  each  element  of  the  operation  is  costed,  so  it  is  possible  to 
calculate  the  operating  costs  for  any  reasonable  set  of  assumed  operating 
figures. 


r;  cnrg  1*^  * Vi  n\v  * fchs 
“ ■"  o “ • “ ~ 

kf?rp  am  ECIC  Operating, 

a a — a : i vr ii 

vac  j ucr.ucu  itc  w jv aiu  , 


various  operations 
Two  separate  main 

V.  <*  i-  V.  A •*  « *ali 

i Cpi  C9CUIO  i««v  TTWS.^ 


into  the  file;  the  other,  headed  "Inquiries",  r 
answering  inquiries. 


or  task.™  that  are  needed  to 
i«.r*C£»  of  eper  ati  on  uic  shown , 


i VS  VbU  All 


f U«W/  All 


Presents  the  work  ol 


For  the  Mew  Data  line  of  operations,  it  was  assumed  that:. 

(1)  Four  hundred  new-data  messages  are  received  per  day. 

(2)  The  average  message  covers  the  characteristics  for  two 
components. 

{.)-  The  average  comnonent  has  50  characteristic  values  supplied. 

These  assumptions  are  not  dependent  upon  the  rate  at  which  nueitions  are 
answered,  so  these  values  We>*  kept  the  same  when  the  inquiry  rate  was 
varied. 


r or  the  Inquiries  line  of  operations,  it  was  assumed  that: 

(1)  Six  hundred  inquiry  messages  or  ICO  inquiry  messages  arc 
received  per  day  (two  rates), 

( y\  Far!'  m#ccao«  K?.c  f-,-«  nn*»  eti  fin  s 

\—  / ~x J ~ - ' - -A  i - 

(3)  Each  question  has  five  characteristic  value  a given, 

(4)  Each  question  requires  that  three  chiu  e.cteristic  values  be 

CT  f*  rt  V>  1 * e V>  **  H 


The  analysis  which  follows,  therefore,  is  based  on  two  rates  of 
operation,  one  in  which  600  messages  pc?  day  arc  answered,  and  one  in 
which  100  messages  per  day  are  answered.  For  both  rates,  the  maximum 
time  required  for  a reply  to  an  inquiry  is  assumed  to  be  b working  hours 
alter  its  receipt.  Overhead  has  been  assumed  to  equal  the  direct  labor 
costs.  Note  that  the  overhead  rate  in  the  analysis  differs  from  the.  45  per 
cent  rate  used  for  the  cost  estimates  at  the  preceding  section.  The  higher 
rates  used  here  are  to  take  care  of  supervisory  staff  and  certain  machine 
costs  not  included  as  part  ox  the  operations  listed. 
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FIGURE  15.  OPSeRAT'QKAi.  TASKS  OF  AH  ECC 
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TAIL*  5,  OPERATIONAL.  TASK  SUMMARY  FOR  AN  HCl 
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TABLE  6„  ANALYSIS  OF  DAILY  OPERATION'! 
Inquiry  Rate  - 600  Mesiages  Per  Day 
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TABtn  A (Continued) 
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Footnotes  r “ Fable  6. 


(a)  Assuming  400  ncw-dau  messages  plus  sou  inquiry  messages,  or  lOCl?  messages  pc t jay.  total. 

(b)  Assuming  i!  components  per  nevr-dat-  message  times  1 data  sheet  pet  component,  or  2 data  sheets  per 
nsvr-da.ts  message. 

(c)  Assuming  5 questions  per  inquiry  message  times  L question  sheet  pet  question,  or  5 question  sheets  pci 
inquiry  message. 

(d)  Assuming  "*  cards  per  data  sheet. 

(e)  A«i>>ni;:g  2 1000-card  batches  par  question  sheet. 

(f)  Assuming.  1 reply  oct  inquiry. 
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ABLE  1.  (Continued) 


^*S3as^aagSB^iBaBii!»' 

r*:% 

|f. 

Cootnotes  foi  Tabic  0 

(a)  AssuiniMu  400  new -data  meiiages  plus  100  inquiry  messages,  or  500  messages  per  day,  total. 

(b)  Assuming  2 corr.pcr.~nt:  per  new -data  message  times  1 data  sheet  per  com  sonent,  or  2 data  sheets  pet 
new -data  message. 

(c)  Assuming  5 questions  pel  inquiry  i»esvage  times  1 question  sheet  pet  questios,  or  5 question  she->s  pet 
inquiry  jHe***ug6. 

/rj\  3 c??d*  !?®r  ?* 

Accnmina  9 1 ’Ifin-rarH  rw*r  mtp«iion 

\v/  O I 

(f ) Assuming  1 reply  per  inquiry. 


The  iniS?S5«tip;i-hicdling  techniques  of  an  E'CIC  have  been  reduced  to 
the  operations  shown  in  Figure  15,  which  lists  the  details  of  the  system 
operation.  Each  sequence  of  operations  performed  in  a cycle  a»  earn 
work  station  is  a "task"  — the  basic  definition  of  the  job  of  each  operation. 
Table  5 shows,  for  each  "task",  the  kinc  of  operator  employed,  and  a 
short  description  cf  his  job.  His  assumed  pay  rate  and  work  rate  are  also 
indicated. 

The  costs  ol  performing  each  task  (or  the  600-inuuiry-mes.sages-per- 
day  and  the  1 OG-dnquiry-rnessages-per-day  rates  of  operation*  aie  shown 
in  Tables  6 and  7,  respectively.  The  second  column  of  each  table  contains 
a statement  of  the  work  requirements?  based  c-n  the  assumed  work  loads. 

The  number  cf  operators  needed  for  a task  is  obtained  by  dividing  the  daily 
work  requirements  by  the  daily  work  rate.  The  operator  cost  per  day  fer 
a task  is  the  number  of  operators  >>;nss  the  daily  eav  rate 


Daily  work  requirement s 


w nil  *r» 


Daily  work  rate  per  operator 


//■_._  i % 

— • — : 1 f.  Z'  r.  Id  3^. 


Number  of  operators  x daily  pay  rate  daily  operator  cost  (fcr  a task). 

One  machine  per  operator  was  assumed  for  the  tasks  requiring 
rn  ac  hine  s . 

Table  n shows  the  basis  upon  which  machine  costs  were  estimated. 
These  estimate?,  are  relieved  to  be  on  the  high  side,  since  it  should  be 
possible  to  substitute  less  expensive  sorters  and  collating  machines  for 
some  of  the  electronic  statistical  machines.  However,  these  savings 
depend  upon  the  operating  efficiencies  of  a large,  well-integrated  in- 
stallation, and  cannot  be  predicted  accurately  in  advance. 


TABLE  C.  ESTIMATES  OV  DAILY  MACHINE  RENTALS 


T a sk 
Number 

Task 

Operation 

Machine 

IBM 

No. 

/'  - ^4  V)  - A - 

i. V eJL u C i 

dollars/  day 

i*) 

Punching  data 

.» „ j „ 

Vi  j 

8 a 

Printing- card 
punch 

026 

Z.  30 

(4) 

Verifying  data 
cards 

9a 

Card  verifier 

056 

2.  80 

(«) 

Searchir-g 

iZb 

trim.  - 

stal>,  iiiicil 
machine 

10  1 

11  1 o 

''Tr.e:.«  t.ilps  ate  equivalent  iJ  3000  questions  oer  d^y  alisi  60u  questions  oer  sia-y.  respectively.  u:  he  i -eiaqe 
message  has  been  assuivicu  to  contain  3 specific  question;. 
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The  direct  daily  operating  costs  far  each  "tf.sk",  for  each  rate  o-f 
operation,  are  listed  in  the  last  columns  ot  Tatties  b an  f.  The  figures 

ft  v*  .ik  i r,  T’ blr  9;  •'  f V.ia  r octe  f*>i*  V ^ f i (>  *1  C «>i  umc.nl  r n£  rV><*» 

ope  ration  are  shown  in  Table  5 0. 


Evaluation  of  Cost  Elements 

Fr^ri  Table  9,  we  ace  that  an  average  question  ran  he  answered  for 
$1.  59  or  $2.  72,  depending  upon  the  rate  at  which  the  ECIC  is  used.  These 
figures  represent  the  ECIC  internal  operating  cost  of  a search  through  ail 
the  available  data.  They  appear  to  be  less  than  the  costs  of  data  searching 
by  present-day  methods  by  one  or  two  orders  of  magnitude. 

A major  difficulty  encountered  by  an  engineer  today  is  the  problem 
oi  assembling  all  of  the  available  data.  Even  after  he  has  gathered  the 
information  into  one  location,  a search  through  the  data  is  a tedious  task 
unless  the  data  are  organized  systematically.  If  the  data  are  organized 
properly,  a manual  search  is  normally  rot  excessive  in  cost,  but  probably 
the  cost  still  would  be  two  or  three  times  the  ECIC  projected  amounts 
(Table  9)r  Since  the  ECIC  system  wa?  conceived  (!)  to  locate  centrally 
as  much  as  possible  ol  the  available  data,  (2)  organize  the  data  for 
efficiency  in  searching,  and  (3)  to  utilize  the  most  effective  means  of 
searching  the  store  of  data  to  answer  inquiries,  it  should  do  much  to 
alleviate  this  difficulty. 


Table  10  show#  the  extent  to  which  the  various  functions  of  the  ECIC 
>vet -all  cost.  From  A,  3,  and  C of  Tabic  1 G,  it  Is  evident  that 
the  number  of  inquiries  answered  per  day  is  ar.  important  factor  in  the  cost 
per  inquiry.  Variations  in  cost  are  shown  to  he  due  almost  entirely  to  the 
costs  oi  putting  date  into  the  system.  The  table  also  shows  that,  unless  a 
system  such  as  the  ECIC  is  to  be  used  extensively,,  it  cannct  be  justified 
on  the  grounds  of  economy  alone.  Or,  the  other  band,  sufficient  use  of  a 
cysterr.  like  the  ECIC  could  reduce  the  costs  of  finding  available  data,  so 
that  these  costs  no  longer  would  be  a major  item  in  ti'-e  development,  costs 
oi  ?! »“ c ironic 


The  costs  cl  searching  a file  for  an  answer  to  a:.i  inquiry  do  not 
necessarily  represent  a major  part  of  the  system  costs  (A,  3,  C,  and  D 
of  Table  10).  This  point  is  frequently  overlooked  when  various  system#, 
arc  compared.  The  cost?;  of  putting  data  into  the  system,  analyzing  ques- 
tions, analyzing  and  editing  answers,  and  preparing  replies  are  other  eost 
actor-  - ome  ch  whiwh  could  exceed  the  aeiun!  costs  of  c-cirching.  Since, 
in  making  his  own  search,  an  engineer  would  do  his  own  analyzing  and 

search,  consideration  must  be  given  to  the  tact 


tine  in  the  course  o 


t i,  , 


that  a system  such  as  the  ECIC  introduces  new  cost  elements  to  the  prob- 
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TABLE  9 ESTIMATED  COSTS  PER  MESSAGE  AMU  PER  QUESTION 


Rates  of 

Operation 

600  Inquiry 
Messaaes/Day 

100  Inquiry 
Messages/  Da  y 

Direct  Operator  Costs, 

$ 2,  088 

$ 620 

dollar  s/day 

(155  operators  a 63 
tech.  + 102  nontech. 

(52  operators  * 17 
) tech.r  35  nontech.) 

Machine  Costs, 

% ■*  m 

'r.'iii:  •*:/ 

r.  i*>  **» 

r>oo 

122 

I ctal  Direct  Costs, 
dollars/  day 

2,67  6 

742 

Overhead,  100%  of 
Operator  ‘Costs, 
dollar  &/ day 

2 nfto 

620 

Total  Costs,  dollars/day 

4:  a nc.  a 

•P  ,v* 

+-  i ' -v 

- • r->  s 

* ~ * 

Average  Cost  per 

Inquiry  Message 

7.  94 

13  62 

Av  erage  Costs  per 
Question  Answered 

1.  59 

2.  72 

1 dLhI  .zastirr a:ed  uosui 

4>  1 0 0 ; 0 0 0 

4>  /-O;  ?5G 

Total  Estimated  Costs  per 
V o n j 

■pi,  200,  000 

$342,  500 

— 
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When  machines  are  used  for  data- insertion  and  searching  operations, 
both  rheir  effectiveness  and  their  costs  must  be  considered,  items  E and 
F of  Table  10  show  ho *'  widely  machine  ccsli  cc.ii  vat  y . These  figures  are 
rC*t  C ,riQ*? r,  ‘'  nr  a m,..  Silt  m. \ y c how  t.hf*  S *1?  5 i.tiv  IVV 

certain  operations  to  machine  charges.  Cost  figures  used,  as  justification 
for  machines  would  require  a complete  operational  analysis  fur  alternative 
systems. 


However,  the  data  of  Table  10  do  indicate  the  places  where  effort  for 
improvement  may  be  directed  more  profitably.  As  an  cxarrxpLe,  the  machine 
costs  for  putting  data  into  the  system  (Item  F,  Tabic  10)  are  only  1 per 
cent  of  the  mtai  system  costs  and  but  8 per  cent  of  the  costs  of  putting  data 
into  the  system.  On  the  other  hand,  the  machine  costs  for  searching 
(item  E,  Table  10)  are  £0.  9 per  cent  of  the  total  system  costs,  24.0  per 
cent  of  the  over-all  cost  of  answering  a question,  and  48,4  per  cent  of  the 
actual  searching  costs.  The  conclusion  to  be  drawn  from  these  iigures  is 
that  improvements  in  searching  machines  offer  the  promise  of  worth-while 
additional  savings  in  searching  costs.  It  should  also  be  noted,  however, 
if  tl\5r  hsr  of  .iftarf.hs?  i!£  u h v i no w Hii#*  tn  i m nrnvtr if 

machines  would  not  offset  the:  co&tft  of  effecting  the  Savings . 
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Thu  conclusions  that  can  be  drawn  from  the  cost  information  pre- 
sented hers  are  r.hat: 

(l)  The  initial  coats  of  processing  input  data,  per  unit  of 
data,  will  be  higher  than  the  ultimate  steady-state 
operating  costs  of  obtaining  data. 


(2)  The  minimum  time  required  to  put  ;he  EC1C  into  oper- 
ation is  six  to  twelve  months.  Four  to  five  years  i« 
recommended  as  the  time  to  allow  foe  putting  >h*  FCIC 


i ^ \ 


for  a rate  of  100  inquiries  per  day  (each  inquiry  having 
five  questions)  would  be  $13.  82  per  inquiry,  or  $2.  72 


per 


:uj 


ition.  The  estimates  indicate  that,  for  a.  rat? 


of  600  inquiries  per  day  (each  inquiry  having  five 
questions),  the  cost  would  be  $7.94  per  inquiry,  or 
$1.  question. 


(4)  More  accurate  estimates  of  operating  costs  could  be 
made  only  after  a period  of  pilot-plant  operation.  The 
above  estimate  s,  however,  should  provide  valuable 
information  ior  planning  pu*  poses. 
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(l)  A design  has  been  completed  for  a punched-card  ay  stein  for  in- 
sertion, storage,  retrieval,  anti  dissemination  of  technical  data  on  the 
procurement  and  •performance  characteristics  of  fifteen  basic  groups  of 
electronic  components,  as  follows: 

Resistors 

Capacitors 

tvi  uiw.  a 
n yp.2rr.ct0r  S 

Relays  (including  circuit  breakers) 

3 w itches 

Piezoelectric  crystals 
V ibr ator  s 
Inductois  (coils) 

Salt?  ripe 

Dry-disk  rectifiers 
Indicating  instruments 

Fuses 

C-otiiic c tor s (plugs,  sockets,  and  jacks) 


This  design  provides  detailed  procedures  for  the  establishment  of  an  Elec- 
tronic Component  Information  Center  to  serve  industry  and  the  Armed 
Forces.  It  might  provide,  at  high  speed,  the  technical  information  that  is 
available  mi  electronic  components,  to  expedite  the  design,  development, 
production,  and  maintenance  of  electronic  equipment, 

(2)  Methods  have  been  developed  tor  recording  nearly  all.  forms  of 
technical  data  (words,  numbers,  curve:-;  families  of  curves,  statistical 

j - * - c . 1 _ _ 3 L : \ t _ — w .«  u. . , : , — - — 

'JdU  , 1U1  tili.ua?  . a!»u  .\CUUfWii:,i!ojy  in  V«.*n(.Il>C  *•"  rm  ?i  u:t,  ^ ;t  - maui:  »,si^ 

punched  cards,  in  forms  suitable  for  automatic  searching  and  reproduction 
ui  selected  data.  These  methods  arc  designed  for  use  on  presently  available 
punched -card  machines.  Exploratory  LesLs,  using  eon  viiitioufu  i-iach;  nc  s, 
indicate  that  the  methods  are  workable. 


(3 1 A series  of  data  sheets,  codes,  and  definitions  has  been  developed 

i C»  J-  tu  v i inpOr  tSli  1 C !ta  r dC  t€  i"i  u tiC  b Ol  iiiti)  Cm  O !’  p o Hi  d i C k T rJ  i ' 1 *•  v,  *. ; ? 1 1 J.’  V.1  H C : 1 1 ' 

(see  list  in  Conclusion  1 above).  These  a:  >■  consistent  with  existing  military 
s pe  c iiic  aticnc  ,*.n  i test  pro'-friures  where  appliccble.  It  was  recognized  that 
standardized  specifications  end  test  orocedurns  arc  mil  uuequ«.f:  -oxidise 

the  pc- rforman.ee  of  electronic  components  under  abnormal  se>  vice  con- 
ditions. It  was  further  recognized  that  pcrfoi inance  data  mder  abnormal 
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conditions  v/oulu  be  helpful  to  designers  engaged  in  developing  new  systems 
extending  to  i.'.orc  exireme  performance  levels,  Accordingly,  a portion  of 
the  project  was  devoted  to  designing  and  evaluating  ar/Propri^t"  test  n:o- 
ceciure;.  in  particular.  tests  designed  to  measure  the  perfcrnaur.ee  and  lilt, 
characteristics  of  some  electronic  comp'ments  under  abnormal  tempera- 


tures v/ere  studied  experimentally. 

Although  the  filing  system  was  designed  to  have  the  capacity  for 
accepting  performance  data  of  every  type,  it  was  recognized  that  the 
reliability  and  usefulness  of  data  extending  beyond  recognized  standards 
will  depend  on  close  cooperation  bet^^en  the  manufacturers  and  the  agencies 
or  laboratories  obtaining  the  data.  The  cooperation  will  involve  agreement 
not  only  on  sampling  rpethods,  but  aiso  on  the  degree  to  which  test  pro- 
cedures provide  the  desired  information. 


(Details  as  to  how  this  cooperation  could  be  worked  out  were  not  a 
part  of  this  investigation.) 
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During  tae  five  /ears  ct  this  research  project,  many  people  ana 
organizations  have  contributed  to  the  effort,  both  directly  and  indirectly. 
Grateful  acknowledgment  of  these  contributions  is  made  in  the  following 
paragraphs; 


(1)  The  ciecironit-componcnis  and  -equipment  industry  provided 
information  on  el<*ct''orii«.  components  and  valuable  sug- 
gestions as  to  its  use. 

(Zj  Many  helpful  suggestions  cr  assistance  -cic  provided  by 
members  of  the  technical  stalls  or  the  following  organisa- 
tions: 


Continental  Carbon  Company,  Cleveland,  Ohio 

International  Resistance  Company,  Philadelphia,  Pennsylvania 

Squiev  Signal  Laboratory,  Fnr * Monmouth,  New  Jersey 

sr  • iv « jv.iiuory  anci  Company,  Inuiictnapoiis,  Iritiianci 
rt  ; *.r • v j n _ *.*  , -v • 

a WV»V1  Jf  M i-inv«ii  i a.1  u»  I VVM  y J » ; *«<'*■•  * *.*r  * 

United  Slates  Patent  Department.  Washington,  D.  C. 

Academy  of  Natural  Sciences,  Washington,  D.  C. 

Naval  Ordnance  1-ahoratorv,  Washington,  D.  C. 

Munitions  Board  Cataloging  Agency,  Washington,  D.  C. 

International  Business  Mscuincs  Corporation,  Bndicott,  New  York, 
New  York  City,  Washington,  D.  C.  . and  Columbus,  Ohio 
Remington  Rand  Corporation,  South  Norwalk,  Connecticut, 
Washington,  D.  C.,  and  Columbus.  Ohio 
Eckert-Manchl  v Computer  Corporation,  Philadelphia,  Pennsylvania 
Sang  am  o Electric  Company,  Marion,  Illinois 
A lien- Bradley  Company,  Milwaukee,  Wisconsin 
ui  .;;.:riO“rub  , rt  a t-lii ng ton,  *w 

t; (1  Si  SHCt  IN  0 7 Cui  Up  v,/  O m JD&i i Sf  y uu  C J pill  Ik  j £ itH  3 ylvsni  a 

Radio  Corporation  of  America,  Harr’ son,  New  Jersey 
University  of  Cincinnati  Observatory  (fir.  Paul  Hergef.  Direr.ior) 
Cincinnati,  Ohio 

R QtfiT  <s  Tnr  nrnr»«*atprl  r*.V»i  r T;  H r»  i «a 
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Ohrniie  Manufacturing  Company,  Chicago,  Illinois 
Department  of  ROTC  Air  Science.  The  Ohio  State  University, 
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(3)  At  Wr ight -Patter sen  Air  Force  Base,  it  is  a pleasure  to 
.\rkno-v,'.edge  the  cooperation  and  assistance  of  Messrs. 

V A o i . o »•  7 H w « •■  ..  * *-  -r*  n»*  r^1  2 “ ,*  p ••  _• 

V.  J,  Carpantier,  R.  P.  Cherpeski,  D.  C.  Crockett, 

A.  H.  Dicke,  C.  F , Doyle,  R.  J.  Framrr.e,  L.  I.  Gibbs. 
J.  R.  Hayes,  Y.iie  Jacobs,  L.  B.  Kni~ht,  A.  H.  Petit, 

I.  Mayer  . W.  H.  Nelson,  H V.  Noble,  A'.,  C Rutirvar , 

L,  sanooz,  A.  C.  Speakc  G.  Tarranta.  P.  Wiegert, 

3.nd  F.  E.  Wenger. 

(4)  Among  Batteile.  personnel  who  contributed  tc  the  research 
effort  were; 
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PROJECT  REPORT  LIST  AND  LABORATORY  RECORDS 


Pr  aip^  t R onArtc 


(1)  First  Interim  Engineering  Report,  February  28,  1949,  )4  pages, 
R,  L.  Davis,  C.  F.  Rains,  and  R.  C.  McMastcr. 
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eccma  Interim  Engineering  Report,  April  28,  1 949,  13  pages,  R.  L. 
Davis,  R.  L.  Morrill,  C.  f.  Rains,  R.  W.  Whitmore,  and  R.  C. 
McMaster. 
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(4) 

Fourth  Inter! 

m Engineer  ri  r.j 

Davis,  R.  L. 

Merrill.  C. 

• 

McM  ci  s 1 0 r . 

(5) 

Fifth  Interim 

Engineering  1 

• 

Davis,  R.  E. 

Merrill,  C. 

(6) 

Sixth  Interim 

Engineer  me  i 

R.  L.  Davis, 

a.  T. 

C.  f.  Rains, 

and  R . C . M 
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(7)  Seventh  Interim  Engineering  Renort,  February  28,  19:30,  36  pages, 
s\ . L.  navis,  A.  i.  Maierson,  R.  L.  Thompson,  R.  L.  Merrill, 
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interim  Engineering  Report,  April  26,  1950,  34  pages,  R.  L. 
Davis.  A.  T.  Maierson,  R.  K.  Crooks,  R.  E.  Keppier,  E.  2.oltanski. 
R.  L.  Merrill,  C.  F„  Rains,  and  R,  C.  Mvl*U»ter. 


(9) 


rim  In  Ir-tr  i.  irn  Engineering  Report,  June  28,  1950,  .30  pages,  R.  L. 
Davis,  A T.  Maierson . R K Crooks.  R,  F K^ppler,  E.  Eoltanski, 
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( 1 0)  Tenth  Interim  Engineering  Report,  August  2c.,  i960,  36  R.  ‘ 

Dav’.s,  A.  T.  M aierson,  R . 5».  Crooks,  W 5,  Carpenter.  R . £. 
Kcppier,  R.  E.  Martin,  H Sara,  K.  L.  Merrill,  C.  Kains,  and 
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Dieveriin  interim  jengineering  reoiut,  ^uourr  c~),  i-to' J,  4.’*  pages-, 
R.  L.  Davis.  A.  T.  Majarson,  V/,  E.  Carpenter,  R.  E.  Keppler, 
R.  E.  Martin,  H.  Sura,  K.  L.  Merrill,  C.  Rains,  and  R.  C. 
hichiaster. 


(12)  Twelfth  Interim  Engineering  R epori,  De  remuc:  r Z6,  1950,  2 ? 

R.  L.  Davis,  A.  T.  KD.irrson,  R.  E.  Mar -in,  R.  L,  Merr  ill,  and 
R.  C.  McMaster, 

( }:  3)  Thirteenth  Interim  Engineering  import,  September  30,  1951,  "A 
Study  of  the  Prediction  of  Composition^Resistor  Life",  76  pages, 
D.  B.  J.  Bridges,  W . T.  Sackeit,  Jr,,  and  T.  H.  Graham, 
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Supplement  to  the  Thirteenth  Interim  Engineering  Report,  February 
29,  1952,  "A  Study  of  the  Prediction  ol  I-red  tied  Coriip»osi Lion- 
Resistor  Life",  26  pager,,  D.  B.  J.  Bridges,  W.  T.  S.ickeit.  Jr.  , 
and  J.  H, 


(IS)  Fourteenth  Interim  Engineering  Report,  October  .30,  1952,  "A  Study 
of  the  Behavior  of  C&oacitor  Characteristics  at  Elevated  Tempera- 
tures", 37  pages,  F.  E.  Berger  and  G.  M,  L.  Sommer  mar., 

(!6)  Tentative  Data  Sheet  Manual  for  Electronic  Component  Information 
Center,  June  Zb,  1952  '.revisions  ci  these  data  sheets  are  now 
contained  in  the  series  of  Special  Reports  below),  120  pages,  R.  L. 
Davis,  A,  T,  Maierscn,  R.  E.  Keppier,  R.  E,  Martin,  E,  K. 
Crooks,  V7 . E.  Carpenter,  H.  Sura,  R.  L,  Merrill,  and  R..  C. 
McMaster, 


( i 7)  Tentative  Code  Book  for  F.C1C . June,  1951  (revised  March,  1954), 
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Tentative  Operating  Manual  ! c.  ECJC,  .June,  19tl  (now  superseded  by 
Phase  1 Report),  42  pages,  R.  L.  Davis,  A T.  Maierson,  R.  E. 
Keppicr,  R, 
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(25) 


WADC  Technical  Report  5 3' 34'?,  ' A Test  Procedure  /or  St  t 
H.~‘:r.;~  of  Composition  Resistors'*,  July.  1953,  VC  pages,  t '■ 
Bridges,  J.  H.  Orabarn,  and  V' , i . Sack®4’*  !v. 


Phase  Report  No,  1,  "A  Machine  System  for  Accepting,  Storing,  and 
Searching  Engineering  Data  on  Electronic  Components’1,  Jv»ne  28, 
1952,  146  pages,  A.  T.  Maiorson,  H.  j.  Behrn,  J,  D.  Roenm, 

R.  L.  Davis,  A.  P . Jerenc  ^ ik,  and  R.  C . McMaster . 


Letter  Report,  Frelim inary  Data  Sheets  ter  15  Electronic  Components, 
November  5:?,  1952,  i?0  pages,  by  FC-IC  staff. 


Special  Report; 


Special  R eport  No.  1,  "ECIC  Work  Sheets  for  Resistors’5,  June  i, 
1953,  47  pages , H.  E,  Pattee,  H.  J.  Rohm,  A.  T.  Maierson,  and 
R.  C.  McMaster, 


Special  Report  No.  2,  "ECIC  Worksheets  for  Motors",  June  15.  1953, 
46  pages,  J.  N.  An  tone  vich,  H.  E.  Pattee,  H.  J.  Behm,  A.  T, 
Maierson,  and  R.  C.  .McMaster. 


Special  P.epor4  No.  3,  "ECIC  Work  Sheets  for  Dry-Di»k  Rectifiers", 
July  i,  1953,  46  pages,  H.  E.  Pattee,  H.  J.  Behm,  and  A.  T. 
Maierson. 


(26) 


Special  Report  Nc.  4,  "ECIC  Work  Sheets  for  Dynamotors",  July  15, 
1953,  54  pages,  J.  N.  Antonovich,  H.  E.  Pattee,  H,  -T,  Behn>. 

A.  T.  Maierson.,  avid  R.  C.  McMaster. 


i,27) 


Special  Report  No,  5,  "ECIC  Worksheets  for  Relays",  September  1, 
195V  5?  naves,  H.  B,  Thompson,  H.  J.  Behm.  A.  T.  Maierson,  and 
R.  C.  McMaster. 


(2S) 


Special  Report  Iso.  6,  ’ECIC  Work  Sheets,  for  Capacitors",  October  1, 
(953.  48  pages,  II,  E.  Pattee,  .*".  t,  Berger,  H:  J.  r>ehiu,  A.  1, 


Maierson,  and  1't.  C.  McMaster. 


(29) 


Special  Report  Nc.  7.  "ECIC  Work  Sheets  for  Switches",  November  1 
1 953,  5]  pages,  T,  hi.  Boland,  H.  E.  Pattee,  H.  J,  Behm.  A.  T, 
Maierson,  and  R.  C.  Mchiasier. 


Special  Report  No,  "ECIC  Work  sheets  tor  Indicating  Instruments", 


December  15,  1953,  34  pages,  J.  N.  Antcnevich,  H,  la.  jrattee, 


!.  Behrr , A.  T,  Maierson,  and  F. . C.  McMaster. 
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or  inductors",  February 
r ■»,  H.  J.  Behm.  ;md 


Special  Keport  No.  10,  "ECTC  Work  Sheets  for  Crystals  ',  February 
15,  1 V 5 4 , 34  pages,  C.  F.  Salt,  H.  E.  Puttee,  H.  J.  Fehrn  arid 
A.  T.  Maierson. 

Special  Report  No.  11,  "ECIC  Work  Sheets  for  Fuses",  February  24 

*954,  23  H.  £ Pattee  and  I*.  J.  Behm. 

Special  Report  No.  12,  "EC!C  Work  Sheets  for  Vihratoes'1. 

February  26,  1954,  30  pages,  H.  B.  Thompson,  H.  E,  Pattee,  H.  3. 

Behm , and  A.  T.  Maicrson. 


Special  Repoi*t  No,  13,  "ECIC  Work  Sheets  for  Connectors  (Plugs, 

t.t  > «.  \"  , i v •>  , n r .i  a r, ~ — i_r  r>  nri. u c- 

JUCAC  X.S9  j 1 l y |J  1 C.  I 5 ) j iVl  ai  Ul  i—  f i 7 jt,  » p*i  ^ *-  r»  y .•  i<  u . s tiviM*.'  * i • *—*  , 

Pattee,  H.  J„  Behm,  and  A.  T.  Maierscn. 


Special  Report  No.  14,  "ECIC  Work  Sheets  fo->  Batter**.-. March 
1954,  5 5 pages,  C.  F.  Salt,  H.  E.  Pattee,  H.  J,  Behm,  and  A.  I\ 
Maicrson. 

Special  Report  No.  15,  "ECIC  Work  Sheets  for  Lamps",  March  8, 
1954,  36  pages,  H.  B.  Thompson,  H.  E.  Pattee,  H.  J.  Behm.  and 
A,  T<  Maiersovi. 
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Laboratory  Records 


The  research  work  v.U"  described  documented  originally  ;n  the 
r.ving  Battelle  Laboratory  Record  Books.1 
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Battelle  Memorial  Institute 
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osna-ix  rrcdueop 
Bendix  Aviation  Corporation 
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Mishawaka , Indiana 
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Components  Engineering  Group 
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1 ; 'r  . Keith  Ilenney 

L iitor-in-Chief 
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1 Motorola  Inc. 
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Mr.  D.  S.  Tompkins 
" iternational  Business 
Macr  ines  Corporation 
Engineering  Laboratory 
Endicott,  Ne*  VoF: 
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